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ADSVRACTr

This thesis consists of a three-dimensional numerical

analysis of the Jet Aircraft Hush House located at Naval Air

Station Jacksonville, Florida. Utilizing the PHOENICS Code

allows for the determination of the aerothermal

characteristics including velocity, pressure, enthalpy,

turbulent kinetic energy and the dissipation rate of turbulent

kinetic energy in the facility during testing of the U.S.

Navy's F-4 (Phantom II) J-79-GE-8 gas turbine engine with

afterburner. How and by what method PHOENICS arrives at this

solution is discussed. Of greatest importance is the resulting

"behavior" of the aerothermal system.

Problems encountered using the PHOENICS Code, resulting

numerical solutions to the particular facility, comparison to

actual test data and recommendations for further applications

of the PHOENICS Code are presented.
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I 3- FROX.JC=IN

New and overhauled aircraft gas turbine engines undergo

stringent performance testing before returning to operational

use. To allow for safe and effective monitoring of the engine

and aircraft, gas turbine Test Cell and Hush House facilities

are utilized to perform monitoring of key temperatures,

turbine speeds and flow rates associated with the engine. The

test facility additionally provides distortion-free air flow

to the engine inlet (eliminating rain and wind effects), for

lower exhaust temperatures exiting from the facility and

reduced noise pollution to the surrounding area. Furthermore,

these facilities allow for final engine "trim" settings to

ensure that maximum power is available.

Currently the test facilities designed and built for the

Navy vary widely. The various facilities include:

1. The Run-up pad--where a tied down aircraft conducts
power checks in an open air environment.

2. Sound suppressor--located at the Run-up pad to reduce
noise.

3. Open Test Stand (OTS)--located outdoors that supports an
aircraft engine and has portable instrumentation
attached.

4. Hush House--a totally enclosed facility allowing around
the clock testing of aircraft.

5. Test Cell (TC)--an enclosed facility allowing testing of
various engine sizes out of the airframe.
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Design engineers have used experience and common sense to

build these facilities with varying degrees of success.

Aerothermal monitoring supplements the design of the

structures.

With the tremendous technological advances made in recent

years, much higher temperatures and thrusts are available

compared to similar size and weight engines of just a few

years ago. Considering that nearly 67% of the Navy Test Cells

and Hush Houses are at least 25 years old it is evident that

a new generation of standardized facilities meeting federal,

state and local noise, pollution, security and safety

standards is required. [Ref.l:p.3]

The Navy Environmental Health Center cited total claims

against the government in 1981 at $114 million due to physical

injury, hearing, or respiratory damage to military and

civilian personnel. Additionally, the 1981 ruling by the

federal court system that military gas turbine test facilities

must comply with Section 233 of the Clean Air Act accelerated

the need for modern test facilities meeting the above

requireme:-ts plus those projected for the future. [Ref.l:p.3]

The goal of the Navy is to provide for standardized

aircraft and engine test facilities that meet both safety and

environmental concerns while providing the latest technology

to monitor the engines. To accomplish this, complete

2



development of test facilities with reliable operation and

maintenance throughout the facility life cycle is necessary.

[Ref.l:p.1]

When contemplating the inherent design criteria for the

new facilities, problems such as: turbulence, non-concentric

flow patterns, multiple jet engine aircraft (including varying

temperature and thrust arrangements), supersonic velocities,

extreme temperature and pressure gradients, and awkward

geometries must be appraised. (Ref.5]

Enigmas associated with the design of the structure may

not be obvious. Complete information dealing with the

aerothermal properties is a must in basing decisions on new

multi-million dollar expenditures. Therefore, to minimize the

possibility of an erroneous design, the PHOENICS Code is

employed first on documented Test Cell and Hush House

structures having actual field test data. After verifying the

accuracy of PHOENICS with the test data, the Code eventually

could be used at a Navy installation (such as the Naval Civil

Engineering Laboratory) to design future test facilities

providing accurate modeling data.

In this instance, the performance of a Navy J-79-GE-8 gas

turbine engine located at Naval Air Station Jacksonville,

Florida Hush House facility is investigated. The data is used

to determine the behavior of the existing structure and will

3



be employed to assist engineers in the research and

development (R&D) phase of the facility design project.
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XX. )PRCO I.AEK P1OPJULATICN

A - HUSH HOUSE C'ARA=7TR.ZATI

The Hush House under investigation is an "Air Force" type

located at Naval Air Station Jacksonville, Florida. In 1980

the Air Force purchased 25 and later 54 demountable Hush

Houses with Test Cell capability. This standardization

accompanied with such a large scale purchase and the

flexibility of aircraft or engine test capabilities allowed

for a cost effective combined design. Because of the large

scale purchase the cost per Hush House was a relatively low

$2.2 million. The only major modification performed by the

Navy to the Air Force design was inclusion of an additional

AFFF fire fighting system. The Hush House design does not

address air pollution standards. Some type of air pollution

abatement system will undoubtably be required in newer

designs. (Ref.l:p6)

The general dimensions of the Hush House is 28.7 meters

(94 feet) wide by 25.5 meters (83.7 feet) long with the oval

shaped "augmenter tube" extending an additional 31.3 meters

(103 feet) from the rear of the Hush House (See Figures 2.1

and 2.2). The aircraft is placed so that the engine exhaust

is approximately 4.6 meters (15 feet) from the augmenter tube

entrance. The most common construction material for the
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structure is steel. The design is geometrically simple

allowing for mass production. The air flow in the last two

inlets nearest the augmenter tube provides both engine intake

and cooling air for the surrounding engine area. The final 7

meters (23 feet) of augmenter tube is angled at approximately

45 degrees running from the floor upward to provide for a

smoother directional transition of gases. Acoustic damping

materials line the augmenter tube, inlets and aircraft bay

walls to reduce exhaust noise.

The Hush House is used in support of the Naval Air Rework

Facility (NARF) located at the Naval Air Station. Although the

Hush House is presently utilized for engines fully mounted in

an airframe, it is anticipated that engine "Test Cell" testing

(where an engine is mounted on a test stand) will be approved

in the future. The facility is normally in operation from 0700

to 2400 Monday through Friday with an average of 1 to 5

aircraft being tested per day. One of the most common aircraft

tested is the F/A-18 Hornet powered by two General Electric

F-404 gas turbine engines. Typically, after completion of

overhaul of the aircraft and engines, the aircraft will be

towed to the facility and backed into the Hush House. The hugh

aircraft inlet doors to the facility will then be closed to

provide an enclosed area free of foreign matter, outside wind,

rain, and other environmental and personnel concerns.

6
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With the aircraft fully enclosed and securely tied down,

a normal crew of three mechanics will perform final engine

"trim". One person is located in the Hush House Control Booth

to ensure manning of the fire fighting systems. The second

will physically adjust the fuel control mechanism on the

engine via radio signals received from the cockpit where the

third crewman is. The engines are controlled during testing

by the third crewman in the aircraft who is additionally

responsible for monitoring the various fuel, oil, % power,

hydraulics, and other gauges. Testing normally lasts for a

period of two hours. Only one engine is tested at a time with

the other normally at idle. Air intake and cooling is provided

by five inlet areas located on either side of the Hush House

(See Figures 3.2 and 3.3). Wire screening, air diffuser and

noise abatement equipment is present at the inlets. Installed

fire fighting and wash-down equipment is present in the

aircraft bay area with the air inlets capable of being

automatically closed.

B. IS SUES COMNCEWING TIE HUSH HOUSE

The Hush House is currently performing as designed with

the below exceptions. Investigation indicates some cracking

of the welds which fuse together the stainless steel

"corrugated" sheet metal overlaying the sound absorption

material located in the augmenter tube. Also, actuation of

7



heat sensors in the overhead of the aircraft bay sometimes

occurs when the engines are idled for a period of time.

Apparently some of the exhaust gases travel upward when low

mass flow rates are present instead of going down the 31 plus

meters (103 feet) of augmenter tube.

In general, personnel at the Naval Air Station were

pleased with the overall operation of the Hush House. Although

vibration of the entire physical structure has been noted in

this facility as in other designs, it does not appear to cause

any structural problems such as the requirement for inspection

and retightening of bolts as occurs in other Navy Hush House

designs.

Physical test data is available for an identical Air Force

facility for the F-4 Phantom II and is included in parts of

this report for comparison with results from the PHOENICS

Code. The test data provides an important comparison for this

thesis to verify the computer model. [Ref.2]

A physical inspection of an identical Hush House to Naval

Air Station Jacksonville's was under-taken in June 1988 at

Dobbins Air Force Base in Atlanta Georgia. Discussions with

the various Air Force personnel corroborated the previously

mentioned problems with the exception of the heat sensor

activation problem. The Dobbins Air Force Base Hush House was

8



utiliz-ed for both Test Cell and Hush House operations

in~volving the F-15 (EAGLE) fighter.

9



Exhaust

Augmenter Tube

Air Inlets
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Figure 2.1 Actual Hush House (Top View Looking Down)
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Exhaust

Augmenter Tube

Aircraft Entrance Doors

Figure 2.2 Actual Hush House (Side View)
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III. TE PH0E FCS CODE

A - 312LAJATIO N

PHOENICS, which stands for "Parabolic Hyperbolic Or

Elliptic Numerical Integration Code Series", is a computer

code capable of simulating fluid flow (including changes of

state), heat transfer and chemical reactions. The code is

copyrighted by CHAM (Concentration Heat and Momentum)

Limited which was founded by D. Brian Spalding in 1972.

[Ref.3:p.l.1)

As shown in Figure 3.1, the PHOENICS Code is structured

into three major components consisting of "EARTH",

"SATELLITE", and "GROUND STATION". The "EARTH" program may be

considered as a "black box" which contains the computational

procedures for all applications. The "SATELLITE" program

consists of several data-input methods which define the

boundaries and scope of the problem. Finally, the "GROUND

STATION" program has various subroutines containing built-

in physical models which may or may not be selected depending

on the program application.

By default "EARTH" can solve for up to 25 dependent

variables. In the Hush House application these include

pressure, all three dimensional velocity components,

enthalpy (temperature), turbulent kinetic energy, and the

12



turbulent kinetic energy dissipation rate. The dependent

variables can be enlarged if desired.

Figure 3.1 Satellite, Earth and Ground

The PHOENICS Code is exceptionally flexible allowing for

varying sizes and scales of structures from "micro" to

"macro". A "final" solution is highly dependent on the

accuracy required by the user as well as the grid sizing used.

The higher the accuracy and/or number of "cells" desired, the

greater the computational effort required for a solution. In

13



this investigation, a "grid independent solution", where a

sequence of "finer" grids would be used, was not possible due

to time limitations.

In order to solve a given problem the user must create a

"QI" file. The "QI" file describes all aspects of the system

being investigated. This file is partitioned into several

groups allowing the user to specify various aspects of the

physical system. Examples are structure size and shape.

Additionally, other groups are capable of providing the

necessary grid spacing, boundary conditions, engine mass

flow rate, engine exhaust temperature and printing options.

The "Qi" file is read by the "SATELLITE" program which is

recognized and processed by "EARTH". The "EARTH" program

solves discretized conservation equations. A typical

conservation equation (before discretization) which "EARTH"

solves can be expressed in the form:

a
-- (rpC) + div(rpVt - rr# grad 4) = rS#
5t

where:

r a phase volume fraction

t a dependent variable

r# a exchange coefficient (laminar or turbulent)

So a source or sink term

14



p a density

V a velocity vector

Here t is the dependent variable currently in question. For

example, using the conservation of energy equation, 0 would

be enthalpy and ro is the diffusion constant. (Ref.3:p.2.4]

The values computed and displayed for each cell are the

solutions of the algebraic equations relevant to the laws of

physics for that cell. The laws of physics are those of

conservation of mass, energy and momentum and any other

dependent variable. The general form of the algebraic

linearized equations resulting from a discretization of the

previous field equation is:

aEOL + aw4w + aN$N + asts + auvn + aLOL + aTtT + S

=--------------------------------------------------------------------

aE + aw + aN + as + an + aL + ai + ap

where ti is the value of the dependent variable at a

particular cell and subscripts E, W, N, S, H and L are

neighboring locations. The values of t at these locations are

known from a previous iteration. Quantities S and ap express

the influence of a source of the entity 0. The a's are

influence coefficients, temporarily treated as constants, with

15



the above subscripts expressing interaction between neighbor

cells. [Ref.3:p.2.4J

Solving the multitude of algebraic equations is

complicated and time consuming. An iterative manner is used

until the imbalance between the left and right sides of all

the above equations are negligible. Several schemes can be

used to perform the "sweeps" (where a sweep solves for the

dependent variables for each cell in the grid one time)

necessary for the iteration process. The results will be

identical although the time to complete the task will vary

with the iteration scheme. [Ref.3:p.2.5]

There are several ways to determine whether the problem

has "converged" to a solution. Results are monitored to

determine whether values of dependent variables are remaining

constant or fluctuating. The "error" (residuals) is tabulated

for each sweep at the end of the computer printout. By

observing "residuals" from each sweep a pattern of decreasing

("converging") values should be present. If the "residuals"

are increasing ("diverging") adjustments of several constants

which in-turn apply a dampening effect upon the variables in

question may be required. The printout of successive residual

values demonstrate convergence by a reduction in the

residuals. That is, a visually downward sloping line on the

accompanying graph of residuals shows convergence.

16



Conservation balances on each dependent variable can be

verified using "net source" values which are tabulated at the

end of each run. The mass flow rate (mass flow rate = density

* area * velocity) is additionally calculated, in this

instance, for the five inlets and one outlet confirming that

no hidden, missing, or improper boundaries are present. The

problem has "converged" when an acceptable level of error

remains.

Successful "convergence" of the PHOENICS program is

dependent upon experience and an understanding of the results.

If the residuals of a dependent variable show divergence, the

user can manipulate the rate of change of values of that

variable by using the RELAX command to return the variable

back tc the convergence path. Relaxation is placed on a

variable to control the variables maximum change from each

sweep. This minimizes the possibility of "over-correction"

or "blowing up" of the values. Smaller values of relaxation

result in smaller value differences per iteration. However,

excessively small relaxation values require additional

computer time. A balance gained by user experience enables

optimal convergence with minimal computer time.

When multiple runs are required for large programs output

data is stored in a "DF09" file which allows the next run to

resume the computations (i.e., a restart) where they last

17



ended. The complexity of the problem and the required

accuracy determine the quantity of computer runs needed. The

number of runs can vary from the tens to the thousands and

higher.

B - ASStUwTIWS XN TIE MODEL

There are several approximations that deserve mention in

the modeling of the Naval Air Station, Jacksonville, Florida

Hush House. Because the geometry of the model uses cartesian

coordinates, the actual Hush House's rounded and curved

surfaces, including the augmenter tube, Hush House overhead,

engine and exhaust gas exit ramp, were approximated as flat

stepped surfaces.

The inlet "muffler" arrangement has been eliminated for

simplification. The corrugated metal found throughout the

structure to cover the sound absorption material was

considered to have a friction surface. The model, therefore,

included friction for all walls, floors, etc.

The actual test data used for comparison between the

model and facility contain several notable differences. The

model uses the symmetry of the centerline of the Hush House

to reduce the number of cells by half. The engine is located

on the centerline in an ideal cradle position. Because of

the symmetry only half of the engine is observed as if the

Hush House was being used as a test cell without the aircraft

18



present. Since the correct engine exhaust area is used the

units of mass flow rate and temperature are correct for the

model configuration. The engine is configured for afterburner

operation. The physical aircraft is not present.

Actual test data used for comparison consists of the

entire aircraft being placed in the facility. The engine

configuration has both engines running with one at

afterburner while the other engine is at "engine idle". The

obvious result of the engine arrangement is a non-symmetrical

engine location in comparison to the symmetric model.

C_ MODMZlTG TIM PROBL8AIC

Data, including blueprints of the Hush House and aircraft

engine information, was gathered to accurately depict the

facility configuration. The information obtained was in

English units and was converted to the International Metric

System or "S.I." using standard conversion factors.

With the appropriate information gathered it was time to

"fit" the Hush House to the cartesian coordinate system of X,

Y and Z coordinates using PHOENICS version 1.3. The cartesian

coordinate system was choosen because of its simplicity. Since

the actual structure does have rounded surfaces some

approximations were made specifically to the augmenter tube

and overhead of the inlet bay. Additionally, the aircraft was

eliminated to reduce the complexity of the problem allowing

19



the structure to serve in its "Test Cell" configuration.

Drawings are found in Figures 3.2 and 3.3 of this section

illustrating the key items found in the structure. The

drawings view through the structure to note the key items,

such as: air inlets, augmenter tube and engine locations.

Additionally, the structure walls were considered to be of

infinitesimal thickness to further simplify the grid

structure. The engine was simplified from a cylindrical shape

to one of a rectangle of equal intake and exhaust area as the

original cylinder. Other small items, such as the engine

stand, were eliminated.

To take advantage of the symmetry of the Hush House and

thereby reduce computer CPU time, only half of the Hush House,

engine and augmenter tube were modelled in the "QI" file. This

was easily accomplished by dividing the structure at the

centerline. This also appreciably reduces the size of the

"QI" file.

Figures 3.2 and 3.3 graphically display the X-Z and the

Y-Z planes of the structure. Intuition, trial-and-error, and

available computer time dictated the grid spacing used.

Obviously, volume areas of interest such as the engine exhaust

and augmenter required smaller cell size.

The "Qi" file describes the structure using several types

of statements. The "CONPOR" statement allows the user to
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define walls, overheads and the floor. The "PATCH" and

"COVAL" statements work together to indicate items such as

an engine exhaust or atmospheric boundaries. Dependent

variable values for say the atmospheric boundaries can be

"fixed" or allowed to "float" depending on the problem

definition. When the walls, inlet bay overhead, augmenter

tube, engine and floor dimensions have been measured, a grid

for the system can be constructed, based on locations and

anticipated responses over different "areas" of the system.

Areas of anticipated large response gradients would have

smaller cell volumes than low activity areas.

Note that in figure 3.2 the Z-axis consists of 40 cells

consecutively numbered from 1 to 40 going left to right. The

X-axis consists of 10 cells consecutively numbered I through

10 going from lower to upper. Figure 3.3 is similarly numbered

where the Y-axis runs from 1 to 12 going from lower to upper

and the Z-a-:is is the same as previously described.

In addition to describing the geometric structure and

preszrihing the "RELAXATION" devices, the properties of the

fluid medium must be specified. The following boundary

conditions were used:

1. ambient temperature = 295 K

2. ambient pressure = 101325 Pa

3. gas constant = 286 Joules/(kg - K)
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4. Cp = 1004 Watt-sec/(kg - K)

5. mass flow rate (engine) 197.72 kg/(sec-sq meters)

6. temperature (engine out) = 1944 K

Additionally, "friction" was applied to all surfaces of

the Hush House. Appendix A contains the final form of the

Qi file for reference. An in-depth explanation of all the "QI"

program parameters can be found in the "Beginners Guide and

Reference Manual" (See Reference 4).

Several methods and theories have been previously used to

attempt to reach a "converged" solution in other test

facilities. The method chosen for this project was to

initially minimize the "excitation" of the model thereby

reducing the "jump" required in solving the momentum,

enthalpy, turbulent kinetic energy dissipation rate, turbulent

kinetic energy and mass equations. To accomplish this, during

successive runs (where a "run" consists of several "sweeps"),

small incremental increases to the source were applied, i.e.,

jet engine exhaust temperature and mass flow rate were slowly

increased, fron run to run, while carefully monitoring the

residuals as well as the mass flow rate in and out of the

structure. The turbulence model, "KEMODL", was used

throughout rather than considering the flow first as laminar

and then adding turbulence. This method appears to have met

with considerable success. The table that follows illustrates

the iterative process used throughout the computer modeling:
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Table 3.1 ITERATIVE PROCESS

Temperature Flow Rate Sweeps

400 10 600
500 25 600
750 25 600
750 50 600

1000 75 2500
1250 75 1200
1250 100 1200
1250 125 1200 I
1500 125 1200
1750 125 2000 I
1750 150 2000 I
1944 150 2000 I
1944 175 5000
1944 197.72 5500

Total Sweeps = 26,200 I

This amounts to approximately 147 hours of computer CPU time

on the IBM 3033 mainframe computer installed at NPS.

Using the MVS "batch" system on the IBM 3033 mainframe

proved to be time consuming. The PHOENICS Code is designed to

work both interactively and in batch mode. Due to the high

computer usage at NPS the "interactive" mode was not

available. Limited to the batch mode, careful planning for

evening or night runs was required to maximize CPU time. The

number of "Degrees of Freedom" (DOF) that must be solved for

gives an idea of the problem complexity. DOF = NX * NY * NZ

• the 7 dependent variables. Solving this for the grid size
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of 10 * 12 * 41 yields nearly 35,000 values calculated per

each sweep. Typically, 150 to 200 sweeps could be accomplished

during the day using four 15 minute (class "G") runs of 50

sweeps each. After normal working hours three one hour (class

"J") runs totalling 500 to 600 sweeps were accomplished. Data

stored on the all important DF09 file was continuously

"backed-up" after a successful run to prevent loss of data if

an improper subsequent run resulted in erroneous data. The

backed-up data could then be restored to the DF09 file to

enable continuation of the runs without starting at the very

beginning.
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After obtaining the "solution" for the problem the

question still remaining is just how "good" are the computer

model results? Some of the "tools" available for use, such as

checks on residual values and mass flow rate calculations,

were discussed in Chapter III. The checks indicate that a

converged solution is obtained, but, still do not prove the

computer model data validity with the actual facility data.

Using actual (experimental field measurements) results

from Reference 2 allows for an accurate evaluation of the

computer model. Appendices "C" and ,D" offer some experimental

data for velocities and temperatures, thereby indicating mass

flow rate and augmentation ratio. Additionally, figures 4.1,

4.2 and 4.3 found in this section give the numerical

(computer) model results of differential pressure, temperature

and axial velocity profiles encountered at the IX=l slab.

Graphics generated pictures (generated by "PHOTON" which

converts the computer generated results to graphical format)

allow for the interpretation and digestion of the nearly 300

pages of numerical output of a PHOENICS run. A condensed

output is found in Appendix "B". In this case, PHOTON graphics

specifically provides graphical information for a better
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interpretation of velocity fields and both pressure and

temperature profiles and contours enabling a better

understanding of computer generated data. Use of all these

additional "tools" allow for a determination as to whether the

computer results are valid.

Observing figures 4.4 and 4.5 (top looking down) show the

flow pattern of the air entering the five air inlets into the

Hush House at IY=4 (engine level). A "typical" low velocity

air flow region (Figure 4.4), illustrated by the minuscule

length of the velocity arrows (velocities of less than 2

meters/sec or 6.5 feet/sec), is noted between the first two

and final three inlets. Figures 4.6, 4.7 and 4.8 illustrate

the side view velocity flow patterns for the overall facility,

engine area, and exhaust to atmosphere respectively. Note the

ever reducing velocity magnitudes which vary from 818 meters

per second (2684 feet/sec) at the engine exhaust to less than

100 meters per second (328 feet/sec) as the gases travel

further away from the engine and down the augmenter tube until

reaching the exhaust.

Figures 4.4, 4.5 and 4.9 (top looking down) show the air

and gas flow patterns entering and exiting the engine region

and augmenter tube at engine level. Figure 4.10 indicates the

flow patterns at the top of the augmenter tube (IY=8) for the

entire Hush House. Of interest is the counter-flowing currents
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at the top of the augmenter tube starting at the engine

exhaust and running to nearly half way down the augmenter tube

itself.

The engine occupies cells defined by IX=l, IYm4 to 5 and

IZ-12 to 14. As anticipated, figures 4.4, 4.9 and 4.11 show

that at engine level the air in the Hush House moves toward

the engine inlet from the surrounding area while air also is

entrained at the exhaust of the engine. Figure 4.1 illustrates

this entrained "effect" noted by the high differential

pressure of the exhaust gases immediately exiting the engine

at IX=1 and IY=4. Less than a meter after exiting the engine

exhaust, the exhaust gases and inlet air have begun mixing

which results in an area of drastic temperature reduction for

the exhaust gases in the Hush House and immediate augmenter

area. Gradually, as the gases pass further downstream,

pressure begins rising which reduces the velocity of the gases

in the augmenter tube until the gases exit to the atmosphere.

At the inlet area to the engine (at Z=18 meters on figure 4.1)

a low pressure area is noted as one would also anticipate as

the air is drawn into the engine inlet.

The exhaust gases exit the engine at 1944 Kelvin (3040 F)

The inlet air and exhaust gases mix due to the entrainment

"effect" causing a distinct drop (See figure 4.2) in

temperature as the gases travel further down the augmenter
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tube. Temperature contours at the IX=1 slab shown in figures

4.12 and 4.13 portray the temperature patterns out of the

engine progressing down and out of the augmenter tube.

Analogous temperature contours at the IX-3 slab are presented

in figures 4.14 and 4.15. Figures 4.16, 4.17 and 4.18 embody

the temperature contours at the IY=5 (engine) level while

figure 4.19 shows the temperatures at the top of the augmenter

tube at IY=8. The temperature contours indicate a

progressively widening area of decreasing exhaust gas

temperatures where the vast majority of the temperature drop

occurs in the first five meters after the engine exhaust (the

temperature differential goes from 1944 K to 800 K).

Differential pressure contours of the engine exhaust at

IX=1 are shown in figures 4.20 (IZ= 14 to 24) and 4.21 (IZ=

25 to 40). As indicated in the pressure profile, the exhaust

jumps to nearly 6000 pascals above ambient upon exiting the

engine, but soon after drops into a low pressure region until

reaching ambient pressure half way down the augmenter tube at

IZ=24. Gradually, the pressure builds until the gases exhaust

to the atmosphere. Similar contours for the IX=3 slab are

included in figures 4.22 and 4.23. Pressure contours for the

X-Z planes at IY=5 (engine level) and IY=8 (top of the

augmenter tube) are contained in figures 4.24, 4.25 and 4.26.

Of noted interest is how the differential pressures remain
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fairly uniform at a given IZ location as the gases travel down

the augmenter tube with the exception of the region initially

downstream from the engine exhaust.

B. AC-mTAL VISUS MDM. CHARISONS

Generally, the results from the computer model closely

approximated the actual. The below "actual" data, and that of

Appendix "C" and "D" for the computer model are indicated in

both "English" and "S.I." units below. A comparison of the

PHOENICS output visually shown in Appendices "C" and "D"

illustrates the dissimilarity between the actual and computer

model. As indicated by the data, the differences in the

computer model (235.5 ft/sec or 71.8 meters/sec) and actual

(227.2 ft/sec or 69.3 meters/sec) averaged velocities found

in the augmenter tube at slab IZ=27 differed by less than 4

percent. Averaged temperatures in the same location differed

between 401.6 degrees Fahrenheit (478 K) for the computer

model and 454 degrees Fahrenheit (507 K) actual with a

resultant difference of 6 percent. Reference 2 does not

indicate whether the effects of radiant energy fror the engine

exhaust are considered for the actual temperature readings

taken in the augmenter tube. If these effects were not

considered the 6 percent difference would be reduced. The Hush

House mass flow rate for the computer model (2373 lbin/sec or

1076 kg/sec) versus the actual (2067 lbm/sec or 938 kg/sec)
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differed by 14.8 percent. The computer model mass flow rate

value was actually doubled (hence the 2373 ibm/sec or 1076

kg/sec value) to "model" the entire engine and Hush House.

The Augmentation Ratio is defined as follows:

Minlet - Mengtue

A.R.= -----------
Miniet

where:

Miniet = inlet mass flow rate

MengIne = engine mass flow rate

The inlet mass flow rate = air density * five inlet

opening areas * averaged inlet velocity. The engine mass flow

rate is given at 197.72 kg/sec/sq meters * 0.195 sq meters

engine exhaust area for half of the engine.

Augmentation ratios range from 5 to 15 depending on the

design of the Hush House or Test Cell where the higher the

ratio typically indicates a more efficient design. The

computer model augmentation ratio was found tc be 10.6 while

the actual was 8.3. The resultant difference is therefore

nearly 28 percent. Considering the limited data taken at this

actual power level (See Appendix C) it is quite conceivable

that the actual augmentation ratio could be greater.

For the actual results the velocity, pressure and

temperature measuring devices were photographed because of the
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large fluctuations of the gauges. Additionally, velocity data

at the final three inlets could not accurately be taken making

it difficult to accurately determine the augmentation ratio

and the true velocities at the inlets.
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V. XSTIMARY A1ID REcDOOM DATIS

A -SXXM24RY

Using the Parabolic, Hyperbolic, or Elliptic Numerical

Integration Code Series (PHOENICS) a computer model of the

Naval Air Station Jacksonville Florida's Hush House facility

with a J-79-GE-8 gas turbine engine was simulated. The

performance of this computer model was compared to actuRl

performance data taken with an F-4 Phantom II undergoing

testing at an identical facility located at Kelly AFB. An on-

site inspection was conducted at Dobbins AFB in Atl;nta

Georgia to provide "hands-on" experience with the facility.

The computer analysis consisted of slowly building up

excitation in the model (using the KEMODL turbulence model)

until full power was obtained. Computer generated (tabulated

and graphical) results were compared with the actual test

data. Results of the computer model, in comparison to the

actual data, were in good agreement. Flow directions,

velocities and temperatures were consistent with actual

results.

B3 - ROC2MMM AIos

A comparison of actual to computer model data for this

thesis indicates that PHOENICS is a useful design and
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troubleshooting tool allowing the user to better understand

the physics of the model. PHOENICS at NPS is now just coming

into potent use with a variety of research projects for

aeronautical and mechanical engineers.

To ensure proper and full use of this code several major

"glitches" must be overcome. Time constraints placed on the

use of the IBM 3033 main-frame computer limit the number of

"sweeps" obtainable by the student. The batch system does not

lend itself to correcting possible errors that may arise. An

interactive system, such as the "VAX" stand alone systems

being installed in Mechanical Engineering, is an ideal answer.

PHOTON was not available with the PHOENICS installation

on the IBM 3033 main-frame computer. A complicated conversion

process (See Appendix "E") was undertaken to convert IBM to

VAX "format" to allow the use of PHOTON using data from the

main-frame. This conversion process which involved a swap of

information from IBM to DEC to VAX hardware took nearly 2

weeks to accomplish. In September 1988 this transfer procedure

will no longer be possible at NPS with the elimination of

certain hardware at the Computer Science Department although

data transfer will still be possible to other facilities such

as CHAM.

The use of PHOTON early in the computer "runs" would have

uncovered several missing "CONPOR" statements and therefore
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"verified" the structural integrity of the facility.

Additionally, the amount of time required to "wade" through

the 300 pages of printout could be reduced to several video

screens with a much reduced volume of printout.

The computer model used in this thesis was formulated

using cartesian coordinates. Several parts of the structure,

including the augmenter tube and engine, were curve shaped.

Geometric approximations were made to substitute for the curve

shaped areas. A more computationally time consuming model with

increased numbers of cells and/or the use of body-fitted-

coordinates (BFC) would enhance the computer model.

As noted in Figure 4.2, over fifty percent of the

reduction in engine exhaust gas temperatures occurred in the

first 20 percent of the augmenter tube. Could an improved

design include shortening the augmenter tube? This type of

"what if" question can be answered using PHOENICS. With the

variable data file ("DF09") already in place the grid pattern

can be modified to shorten the augmenter tube. Minimal

computations would be required to gather definitive results.

Parameter studies, including shortening the length of the

augmenter tube (to determine the effect of augmenter tube

length on performance) , movement of the engine location in the

Hush House, changing the inlet locations and sizes, and the

use of different turbulence models could lead to improvements
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on the present Hush House design. In fact, the ability to

change parameters and observe their effect on system

performance is the prime attribute of numerical modeling.

Finally, a discussion of turbulence is in order. PHOENICS

offers four turbulence models which can be readily selected.

The four models are: Algebraic, Mixing Length, K-Mixing Length

or K-Epsilon. The user can also formulate a model of his own

choosing which can be incorporated into the code via the

"GROUND" program. Two questions arise. First, which turbulence

model is appropriate for the problem under investigation?

Secondly, how strong is the coupling between other system

response variables and turbulence variables? The second

question might be answered by running the PHOENICS Code on the

problem using several different turbulence models.

Unfortunately there was not adequate time to perform this in

the investigation. The first question can not be resolved

until a better understanding of turbulence is obtained.

C - C0KCLS IXOS

The computer model results generated by this thesis

closely parallel the actual test data. The results therefore

indicate that the PHOENICS code can be successfully utilized

to model future Test Cell and Hush House applications as well

as "trouble-shoot" suspect areas of interest. Also, areas that

may be difficult to properly monitor with test equipment could
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be modelled instead. With the use of additional "cells" and/or

BFC a more refined model could more closely duplicate the test

facility providing more accurate results. Follow-up parametric

studies to improve and verify the design and data seem in

order. The results indicate that the Hush House is performing

as intended.
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APPENDIX A
TJE PHOENICS Qi FIL.,E

TALK2F,RUN( 1p1)

* NAVAL AIR STATION JACKSONVILLE FLORIDA HUSH HOUSE TEST *
* FACILITY. THESIS PROJECT OF LT ERIC A. NICOLAUS USCG *

N KITH THESIS INSTRUCTOR PROF DAVID SALINAS. N

* LIST OF VARIABLES a

* NJET: VELOCITY OF ENGINE EXHAUST IMETERS/SEC) 
* MJET: MASS FLOW RATE OF GAS (KG/SECOND/SQ METER) a
* TJET: JET EXHAUST GAS TEMPERATURE (DEGREES KELVIN)
* PJET: EXHAUST PRESSURE OF JET ENGINE (NEHTONS/SQ METER)*
* RHOJET: DENSITY OF THE GAS IKG/CUBIC METER)
* HJET: ENTHALPY I JOULES/KG OR NEWTON*HETERS/KG)
* KEJET: KINETIC ENERGY (JOULES OR NENTON-METERS)
* GASCON: GAS CONSTANT (JOULES/IKG-DEG KELVIN)) 
* TAMB: AMBIENT AIR TEMPERATURE (DEGREES KELVIN)
* HAMS: AMBIENT ENTHALPY IJOULES/KG)
* KEINJ: TURBULENT KINETIC ENERGY (JOULES) OF JET
* CSUBP: SP HT Q CONST PRE (JOULES/(KG-DEG KELVIN)) N
* EPINJ: DISSIPATION RATE OF TURBULENT KE (JOULES) OF JET*
* KEINA: TURBULENT KINETIC ENERGY (JOULES) AMBIENT
* EPINA: DISSIPATION RATE OF TURBULENT KE (JOULES) AMB
* P1: PRESSURE (NENTONS/SQUARE METER)
* Hi: ENTHALPY (JOULES/KG)
* Ul: VELOCITY IN X-DIRECTION (HETERS/SEC)
* VI: VELOCITY IN Y-DIRECTION (METERS/SEC)
* Hl: VELOCITY IN Z-OIRECTION (METERS/SEC)
* TMPi: TEMP OF THE FIRST PHASE (DEGREES KELVIN) N
* RHOI: DENSITY OF THE FIRST PHASE (KG/CUBIC METERI •
* PRESSO: REFERENCE ATMOSPHERIC PRESSURE (NENTONS/SQ utr)*
* TMP1A: GROUND REF TEMP USED IN GRNDZ (DEG KELVIN) •
* TMPIB: 1/CSUBP USED IN GRNDZ EQU (KG-DEG KELVIN/JOULES)
* DRH1DP: DELTA RHO/DELTA PRESSURE N/RESPECT TO Hi
* FACT: CORRECTION OR "FUDGE" FACTOR N
* ENUL: LAMINAR KINEMATIC VISCOSITY (METERS SQ/SEC)
* ENUT: TURBULENT KINEMATIC VISCOSITY IMETERS SQ/SEC)

GROUP 1. RUN TITLE AND OTHER PRELIMINARIES
TEXT(NAS JACKSONVILLE HUSH CHAMBER)
REAL( HJET,MJET,TJET ,PJET, RHOJETHJETKEJETGASCONCSUBPTAMS)
REAL( HAMB ,KEINJ ,EPINJ ,KEINAEPINA)

GROUP 2. TRANSIENCEi TIME-STEP SPECIFICATION (DEFAULT:STEADY)

GROUP 3. X-DIRECTION GRID SPECIFICATION
NX=10
XFRAC(1)*-l I XFRAC(2)=0.31
XFRAC13)t4 ) XFRAC(4)=0.S475
XFRACI5)=3 3 XFRAC(6)=Z.O
XFRAC(7)=2 i XFRAC(8J)=i.4
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GROUP 4. Y-DIRECTION GRID SPECIFICATION
W912Z
YFRAC(l13-3 i YFRACIZJuO.S62
YFRACI3uz2 i YFRAC4)uo.314
YFRACIS)=3 YFRAC6)zO.S42
YFRAC7J=4 YFRACIO~aO.75

GROUP 5. Z-DIRECTION GRID SPECIFICATION
NZx40
ZFRAC(I1Jl ZFRACIZ~s1.O
ZFRACt3Jcl IZFRACI4)al.7
ZFRACISJ=1 ZFRAC:fiJzZ.O
ZFRAC(7)=l ZFRAC(8J=1.7
ZFRACt9)z2 ZFRAC(103u3.O
ZFRACtlL)=l ZFRAC( lZ Jzl.S
ZFRAC(l3)8l ZFRAC(141u1.O
ZFRAC(IS)m1 ZFRAC(1631l.7
ZFRAC(273=Z ZFRAC(18)sl.O
ZFRACil9Ju1 ZFRACJ 20)al.7
ZFRACI21)n2 )ZFRAC(ZZ)zl.C
ZFRAC(23)x3 ZFRACI24JzO.566666
ZFRAC(Z5):2 jZFRAC126)r.O.35

ZFRAC(27)z7 ZFRAC(28)=3.O
ZFRAC(29s1 s ZFRAC(3O)=2.0
ZFRAC(31)z4 IZFRAC(32)=O.75
ZFRAC(333z4 )ZFRAC134)=O.S75
ZFRAC(35)=4 ZFRAC(36)=O.S
ZFRAC(37)al ZFRAC(38)=3.0

GROUP 6. BODY-FITTED COORDINATES OR GRID DISTORTION

GROUP 7. VARIABLES STORED, SOLVED & NAMlED
SOLVE(Pl,NXUl,I41 B
SOLUTNI,Y,Y,Y N,NjN)
STORE(ThPl,RHOl)

GROUP S. TERMS (IN DIFFERENTIAL EQUATIONS) A DEVICES

GROUP 9. PROPERTIES OF THE MEDIUMI
TAIIB=295.
TJETzl944.
PJET=O.
MJETzl97. 72
PRESSOz101325.
RHOlAzO.
GASCON=286.
RHIOB: ./GASCON
RHOJETm' (PRESSO*PJET J*RHOlB )/TJET
NJETzliJET/RHOJET
TMPIA=TINY

*** ThP1B a 1. DIVIDED BY C-SUS-P) USED IN THP1=GRDS
CSUBP=1004.
HAIIB=TAJIB*CSUBP
TIP1B:1./CSUBP
H.JET=CSU)BP*TJET
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NEXT 2 STATEMENTS INVOKE COMPRESSIBLE FLOW IN GREXI
TMP1mGRNO2
RNOlaGRNO5
DRHZOPxGRNOS
EtAIL:1.E-OS
ENUT: ZOO. *ENR.L
TURIIOO(KEMOOL i
STORE(I ST)
KEINJsO.S5t( 0 O*I4JET 3*2 EPIKJxO .09*KEINJ-41.5/10 .OSO .53
KEINAuO.S*i .OO54.1.O)*Z IEPINAzO.09*KEINA*W1.5/(O.13

GROUP 10. INTER-PHASE -TRANSFER PROCESSES AND PROPERTIES

GROUP 11. INITIALIZATION OF VARIABLE OR POROSIT FIELDS
FIINITI Hi JHAPIB
FIIITI ThP1)zTAIIB s FIINITI DENI 3. .
FIXHITIKE )uKEINA FIINIT(EP)r.EPINA
FIINIT(P1 3..
FIINITIN1 3.0. 0
FIINITIVi 3..
FIINITIUl. 33.0

PATCHtHINITINIVAL,1 15,,615,30,1,1)
INIT(NINIT,NlO.0O.Z*H'JET)
INIYC NINIT,HZ 10.0 CSUBP*D. 2*TJET)
INITlWINIT,KE ,O.O,.KEINJ.. )
INITEIINITvEP,0.O,EPINJ*O.Z)
N*SEE GROUP 13 FOR POROSITY FIELDS

GROUP 12. CONVECTION AND DIFFUSION ADJUSTMENTS

GROUP 13. BOUNDARY CONDITIONS AND SPECIAL SOURCES
**DE FINE SOURCES AND SINKS FOR JET ENGINE-

PATCH(JETIN,NIGH,1,1,4,St,,11,1,1
COVAL(JETIN,P1,FIXFLUP-NJET)
COVALI JETINHI ,ONLYJ1SSAME)

COVAL(JETOUTP1,FIXFLUPMJET)
COVAL(JETOUT#,H1,ONLYMs,HJET)
COVALI JETOUTHZ ,ONLYIIS,NJET)
COVALW ETOUTKEiONLYMS,KEINJ)
COVALIJETOUT,EP,DNLYMS,.EPINJ)

**EAST BOUNDARY TO ATMOSPHERE-*
PATCHI OUTSIDE ,EAST,10,1O,,Z,1,40,1,1)
COVAL(OUTSIOE,P1,O.1,0.O 3
COVAL(OUTSIDE ,H2,FIXVALHAMB)

*TOP OF HUSH HOUSE AND TUBE INCLUDING TUBE LIP**
CONPORI O.ONORTH,19l,2,12,,1)
CONIPORI O.0,NORTH,S-8,-8,18,273
CoNiPOR(O.0,NORTHPl,5,-Z,-2,35,35)
CONPOR(O.0,NORTH,1,5,-'.,-4,36,36)
COtIPORLO.0,NORTH,1,5,-5,-5,37,37 I
CONPORI O.O,NORT11,1,5,-6s-6,38,38)
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CONPORAO.ONORTH,1,Ss-7,-7,39,393

*ToP OF MODEL TO ATMOSPHERE*
PATCH( TOPOUT,NORTI4,1,1O,1Z,1Z,ZO,40,1,1)
COVAL(TOPOUT,P1,O.1,O.O)
COVALE TOPOUT,H1,ONLYtSHAMB)
PATCHI TOPP,NORTN,10pOo,1Z,1Z,,91
COVAL(TOPP,P1.O.1,O.O)
COVALI TOPPIN1,tLYMS dAS)

*FLOOR OF HUSH HOUSE, TUBE AND GROUD**.
CONPORIO.OSOUTHN,1,,1-1,140)

**FORE AND AFT SULXHEADS IN HUJSH HOUSE AND TUBE**

CONPOR(O.OLOH,4,~v1,12,-ZO,-ZO

CONPORIO.OLOHs,,59,12,-20,-20l
CONPOR(O.OLOSIS,1,.2,-35,-35)
C0NPOREO.O,-LOH,1,S,3,4,-36,-36)
CONPOR(O.O,LOH,1v,,5,5-37,-37)
CONPOR( O.O,I.OH,1.S.,6.6,-38,-38)
CONPORI O.O,LOH,l,5,7,7,-39,-39)
CONPOR( O.OHIGN,l,5,8,8,-39,-39)

**VERY FRONT MODEL STRIP TO ATMOSPHER**
PATCHE FRONTPLOH,1O,1O,1,1Zp,,1,1,1
COVALE FRONT,P1,O.1,O.O)
COVALI FRONT,-H1,ONLYIS#HAIB)

**THE VERY END OF OUR MODEL TO £ThOSPHERE**
PATCHE ENDEND,HIGH,1,lO,1,1Z,40,40,1,1i
COVAL(ENDENDP1,O.1,O.O)
COVALE ENDEND,H1,ONLYMSHAMSI

**OUTSIDE EAST HALL IN HUSH HOUSE**

CONPOR(O.O,EASTP-9,-9,91,1,1)j

CONPOR( O.O,EAST,-9,-9r,16,3v33
CONPORI O.D,EAST,-9,-9,1,8,5,SJ

CONPORLO.OEAST,-9,-9,1,8,13,14)

**OUTSIDE OF TUBE PLUS TUBE LIP IN HUSH HOUSE**
CONPORE O.O,EAST,-5,-5,1,8,18,39J

GROUP 14. DOWN#'STREAM1 PRESSURE FOR PARAB . TRUE.

GROUP 15. TERMINATION OF SWEEPS
FSWEEPal; LSNEEPz180

GROUP 16. TERMINATION OF ITERATIONS

GROUP 17. UNDER-RELAXATION DEVICES

REAL( DELTFACT)
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DELTxSO .0/INZ*O . Z*JET)
FACTU 10.
FACTuZ.5

FACTuO.75
FACTz3.5
FACT zS.
FACTuO .50
FACT:0 . 25

RELAX(P1,LINRLXO.3)
RELAX(IP FALSDTPFACT*DELT)
RELAXI V1,FALSDT,FACT*DELT)
RELAX(I,FALSortACT*OELT)
RELAX(I 1FALSDTPZ.S*FACT*OELT)
RELAX(KE ,FALSOTPFACT*DELT)
RELAXI EP,FALSDTFACT*DELT)

GROUP 18. LIMIITS ON VARIABLES OR INCREMENTS TO THEM
VARIIIN(U1 13-300.
VARtIAX(U1lzOOO.
VARlIIN Vi )s-300.
VARNAXE Vi :1000.
VARMIN(I x1-100.
VARMtAXI(i 1z1500.
VARMINt THP1 )=ZS
VARIIAX TmP1 )rTJET
VARtIINI Hi 11000.
VARMAX Hi ):CSU8P*TJET
VARMINt P1 )=-3.SE+OS
VARtIAXIPi)z 3.5E*05
VARMINt RHOl 3:.05
VARMAXI RHOl ):5.

VAR.MIN(KE 3:1.E-08
VARMAXIKE )zi.3*KEJET
VARMINt EP )al.E-08
VARIIINIVIST):0.l
VARIIAXIEP )31.3*(KEJET*N1.5)

GROUP 19. DATA COrMUNICATED BY SATELLITE TO GROUN4D

GROUP 20. PRELIMINARY PRINT-OVT

GROUP 21. PRINT-OUT OF VARIDALES

GROUP 22. SPOT-VALUE PRINT-OUT
**MONITOR THE OUTPUT AT DESIGNATED POINTS**

I)OION:1 IYt10N=4 i IZIIONzl6
TSTSHPa1 LUPR3=6
ABSIZ=1.0 ORSIZz1.O

GROUP 23. FIELD PRINT-OUT AND PLOT CONTROL
NUMlCLSmj0*f4XPRlN
ITABLz3 I NPLTxl j NZPRIN~l
IP LTL: LSKEEP

tIPRINT:-3
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GROUP 24. DLNIPS FOR RESTARTS
SAVE =T
RESTAT( ALL)
STOP
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APPI 'IDZI2 B
SI MLEn0 PHOMi CS CXUTPYT

CCCC HHH PHOENICS VERSION 1.3p 03 SEPT 1986
CCCCCCCC HHHH IC) COPYRIGHT 1984

CCCCCCC HHHHHHHHHH CONCENTRATION HEAT AND MOMENTUH LTD
CCCCCCC HH2HHHHHHHHH ALL RIGHTS RESERVED.
CCCCCC HHHHHHHHHHHHH CHAM LTDv BAKERY HOUSE, 40 HIGH ST
CCCCCCC HHHHHHHHHHHH WIIBLEDON, LONDON, SH19 SAU

CCCCCCCC HHHHH FACSIMILE: 01-879-3497
CCCC HHH THE OPTION LEVEL IS -18

THIS CODE MAY ONLY BE USED UNDER THE TERMS AND CONDITIONS

OF A LICENCE AGREEMENT HITH CHAM LTD.

REPLICATION OF THIS CODE IS PROHIBITED UNLESS

SPECIFICALLY AUTHORISED IN NRITING BY CHAM LTD.

-----------

GREXI OF 1S/07/86 HAS BEEN CALLED
FORMATTED SATLIT DATA READ FROM DF1O FOR IRUN.j 1

-** ------ STORAGE INFORMATION -.
F DIMNSNvZOOO OCCUPIED=lZ3707 ESTIMATED MINIH DItt4SNu 23267
DEP VRBL9 67200 OLD VRL= 0 3D COEFF= 23880 3D DVDPSu 14400

INITIAL FIELDS READ FROM OF09

GROUP 1. RUN TITLE A NRNBER

TEXT(NAS JACKSONVILLE HUSH CHAMBER

IRUt#N x 1

GROUP 2. TRANSIENCE
STEADY = T

GROUP 3. X-DIREtTION GRID SPACING
CARTES z T
K< 2 10
XULAST a 1.O00EiOO

METHOD OF PAIRS USED FOR GRID SETTING
XFRAC ( Ii 2 -. OOOE#O0 §XFRAC 4 2) & 3.200E-O1
XFRAC ( 3) - 4.OO0E*OO )XFRAC 1 4) x 5.47SE-O1
XFRAC I 5) 3 3.O00E+O0 XFRAC 1 6) a Z.OOOE.O0
XFRAC I 7) • 2.OOOEO0 )XFRAC ( 8) n 1.40OE+O0

GROUP 4. Y-DIRECTION GRID SPACING
NY • 12
YVLAST a 1.000E00

METHOD OF PAIRS USEO FOR GRID SETTING
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YFRAC ( 1) a -3.0005.00 sYFRAC 1 2) a 5.620E-01
YFRAC ( 3) a 2.000E#00 sYFRAC ( 4.) a 3.1405-01
YFRAC 1 5) x 3.0005.00 kYFRAC ( 6) a 5.420E-01
YFRAC f 7) a 4.0OOO5,Q sYFRAC 1 8) z a OE0

GROUP 5. Z-DIRECTION GRUO SPACING3
PARAS a F
NZ a 4.0
ZHLAST a 1.0005.00

MIETHOD OF PAIRS USED FOR GRID SETTING
ZFRAC ( 1) x -1.000E.00 IZFRAC (2) a, 1.O00E+0
ZFRAC 1 3) a 2.0D005,o0 )ZFRAC ( 4) a 1.700E.00
ZFRAC 1 5) a 1.000E+00 IZFUC t 6) a 2.0005.00
ZFRAC ( 7) a 1.000E.00 )ZFRAC 1 8) a 1.700E+00
ZFRAC (9) a 2.000E+00 WZRAC ( 10) c 3.000E.00
ZFRAC ( 1 2.OOOE+00 IZFRAC 1 12) x 1.500E.00
ZFRAC I 13) 2 1.0E0 WZRAC t 14) a 1.000E+00
ZFRAC (IS1) = 1.000E+00 sZFRAC ( 16) a1.700E.00
ZFRAC ( 17) x 2.000E+00 sZFRAC ( 18) *1.000E.00
ZFRAC ( 191 a 1.OO05.00 ;ZFRAC 1 20) a1.700E.00
ZFRAC ( 21) a 2.000E.00 )ZFRAC 122) *1.000E+00
ZFRAC ( 23) a 3.0005.00 )ZFRAC ( 24) x 5.6675-01
ZFRAC ( 25) 2 2.0005.00 ?ZFRAC ( 263 x 3.5005-01
ZFRAC ( 27) a 7.0005.00 sZFRAC (28) a 3.0005.00
ZFRAC (29) x 1.000E+00 ;ZFRAC (30? z .0E0
ZFRAC 1 31) a 4.000E.00 )ZFRAC ( 32) z 7.5005-01
ZFRAC (331 a 4.0005.00 $ZFRAC 1 3'.) z 5.7505-01
ZFRAC 1 35) a 4.OOOE.00 )ZFRAC ( 36) z 5.000E-01
ZFRAC; 1 37) a 1.OQ5,+00 )ZFRAC ( 38) * 3.0005.00

Nww~pm!**

GROUP 6. BFC AND GEOMIETRY CHANGES

GROUP 7. VARIABLES: STORED,SOLVED,NAkiED
ONEPHS a T
NAME( 1) zPl )NAIEI 3) *-Ul
NAME( 5) aVl ;NAME( 7) 3141
NAME5112J inKE ;NAME13) xEP
N4*1(14) xHl ) NAME 193 J POR
NARISIZ) 2NPCR WNE21) sEPOR
NAMIE 12) rVPOR W1AIE(23) 2VIST
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NAIIE C2') xAH0 ;NAME 25) aThPi
SOLUTNIP1 9Y#Y,Y#NjN4,N)
SOLUTNIUl ,Y,yNNNN)
SOLUTNI VI PYPYNN#NN)
SOLUTN(Ii ,YYNNN.,N)
SOLUTN(KE ,Y#YNN,-NN)
SOLUTNI EP ,YY,NN,NNJ
SOLUTNLN Hi Y,Y ,NN,.N,N 3
SOLUTNI HPOR,Y ,N,N,N,-NN)
SOLUTN( NPOR,Y,t4N,NN,N)
SOLUTNI EPOR,YNNN,NN)
SOLUTNI VPOR,Y,N,N,NNPNJ
SOLUTNI VISTPYN,N,N,NN)
SOLUTNI RMO1,YN,N,N,NPNI
SOLUTNC TMPI,y ,N,t,,N,NN)
DENI a 24
VIST a 23
EPOR 2 21 INPOR a 19 sNPOR a 20 )VPOR a 22
TEMPI a 25

GROUP S. TERMS & DEVICES
TERMIS (P1 ,YjYYPNPYPN
TERMIS (Ul pYYPYNPYN3
TERMIS (VI Y ,YYYNY vN)
TERMiS (41 ,YPY,YPN,Y,N)
TERMS (KE ,NY,YN,YN)
TERMS tEP ,N,Y,YpNtYPN)
TERMIS (Hi Y,*YY,NPYPN)
DIFCUT a .OOOE-01 ;ZDIFAC a I.OOOE.00
GALA 9 F ;ADDDIF a F
NENRH1 r- T
NEHENT a T

GROUP 9. PROPERTIES
RHOl U-2.0lbE+04 ;TMP1 a-1.013E*04 iELl z-1.015E#04
RHOIA a 0.OOOE*0O ;RHOIS 9 3.496E-03 iRHOlC a 7.143E-01
PRESSO a 1.013E+05
THI~A x l.OOE-20 )TPB a 9.960E-04 ;ThMPlC a 0.OOOEO00
TEMPO x O.OOOE+OO
ELIA x O.OQOE+OO ,ELlB 2 0.OOOE.OO ;ELlC a 0.OOOE+OO
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ENL i.O0OE-05 ;EIVT x-i.014E*04
ENUTA x 0.OOOE*OO jENJTB s O.OOOE+OO )ENJTC 0 .OOOE+O0
ORH10P 2-1.016E+04
PRNDTLIUI J 2 i.OOOE+O0 )PRNDTLIVI ) % i.OOOE+00
PRNOTL(Ni ) x i.OOOE+00 IPANOTLIKE ) * i.OOOE.OO
PRNOTLIEP ) x i.OOOE+00 )PRNDTL(Hi I a i.OOOEO00
PRT Wil ) x i.OOOE+00 fPRT IVI ) x 1.OOOE+00
PRT 1141 ) a 1.OOOE+00 )PRT IKE J a 1.0OOE+00
PRT CEP J z 1.314E+00 jPRT iI ) a i.OO0E+00

GROUP 10.-INTER-PHASE TRANSFER PROCESSES

GROUP ii.1NITIALIZE VAR/POROSITY FIELDS
FIINITIi 3 a -1.022EO04 FIINIT(Ui ) a *1.022E+04
FIINIT(Ii ) x -1.022E+04 ;FIINITIml ) a -1.022E+04
FIZNITIKE J a -2.0221.04 JFIINITIEP ) a -2.022E+04
FIINITIHiI ) -1.022E+04 )FIIRIT(HPOR) -1.022E+04
FIINITINPOR) a -1.022E*04 iFIXHIT(EPOR) a -1.022E+04
FIIIIlVPORI z -2.022E+04 ;FIINITIVISTJ a -1.022E+04
FIINITIRE0iJ a -i.022E.04 )FIINIT(ThPiJ a -1.022E+04,

PATCHV5OUTH1 ,INIVAL, It I# 3v 3, 12# 1'4, 1, 1)
INITISOUTI1 ,Vl , O.OOOE+OO, O.000E+00)
INITISOUTHI ,NPOR, O.OOOE*O0, 0.00OE+00)

PATCH(LON1 vINIVAL, I, It 4, S, ii, 11, 1, 1)
INIT(LOH1 ,Hl , O.OO0E+00, 0.00OE+00)
INIT(LOK1 ,HPOR, 0.OOOE.OO, 0.OO0E+001

PATCHICELLI ,INIVAL, 1, 2, 4, 5, 12p 14o 1, 2)
INITICELLI ,Pl , O.OOOE.OO, O.0OOE+00)
INIT(CELLI ,UI , O.OOOE*00, 0.000E+00)
INITICELLi ,Vi 9 O.OOOE+OO, 0.OOOE+00)
IHIT(CELLI l , 0.OOOE400, O.0OOE+00)
INIT(CELLI ,KE , O.OOOE.OO, Q.O0OE+00)
INIT(CELLi ,EP , 0.OOOE.0O, O.OOOE+O00
IfaTI CELLI Ali , O.0OOE+00, O.OOOE+0O3
INITICELLI ,HPOR, 0.O0OE+00, O.OOOE.OO)
INIT(CELLI ,NPOR, 0.00')E+00, O-00OE+00)
ItJIT(CELLX ,EPOR# O.000E+0O, O.OOOE*0OJ
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PATCI4(EASTZ1 PINIVAL, 9V 9, 1, 8, 3, 3, 1, I
ZNIT(EASTZI ,UI p 0.OOOE#0O, 0.000E+0)
XNITIMAT22 ,EPORP 0.OOOE+0O, O.OOOE+00J

PATCH(EASTZ2 *ZNIVAL, 9, 9,1, 8, so so ,a 1,1)
INMTEAST22 ,U1 , O.OOOE.O00 0.OOOE+00J
INIT(EASTZZ PEPORx 0.OGOE+0OO 0.0O0E#00)

PATCH(EAST23 IZNIVAL, 9p 9, 1, 8, 10, 11, 1, X
INITIEAST23 Ul , O.OOOE.00, 0.OOOE+OO3
INIT(EAST23 ,EPORV 0.OOOE.O0, 0.OOOE+00)

PATCN(EAST24 ,INIVAL, 9v 9p I, 8p 13, 14, 1, 1
INITEAST24 vUl P 0.000E+00, O.OOOE*0O?
INZT(EAST24 ,EPOR, 0.000E+00, 0.O00E+00)

PATCH(EASTZ5 ,INIVAL, 9, 9V 1, 8, 18, 19, 21 1
INIT(EAST2S ,Ul , O.OOOE+00, O.0O0E+00)
INIT(EASTZ5 ,EPOR, 0.OOOE.O0, Q.OOOE+OOJ

PATCH(EAST26 ,ZNZVAL, St 5, I, 8, 18, 39, 1, 1
INITI EAST26 ,UI p 0.OOOE.00, 0.OOOE.00)
INIT(EASTZ6 ,EPOR, 0.000E.00, 0.O0OE+00)
INIADD a F
LUFI 2 9
NAMFI *0F09

GROUP 13. BOUNDARY A SPECIAL. SOURCES

PATCHI KESOURCEPMASEM, 1, 10, 1, 12, 1, 40, 1, 1
COVAL(KESOURCE,KE ,-l.O15E+04,-l.01.5E+04)
COVALIKESOURCEEP ,.-l.01.SE+04,-1.OISE+043

PATCK(JETIN ,HIGH , 1, 1, 4, 5, 21, 11, 1, 1
COVALIJETIN ,P1 , 1.OODE-10,-1.977E.02)
COVALIJETIN ,H1 , 0.0QOE+OO,-1.026E.04)

PATCH(JETOUT ,LOH 0 I, 1, 4p 5p 15P 1.5, 1, 1
COVAL(JETOUT xPI , 1.OOOE-1O, 1.977E+OZ)
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COVAL(HKALL12 ,Ul ,-1.013E*04, 0.OOOE#0OJ
COVAL(HKALLI2 ,VI ,-1.013E+04, O.OOOE*O0)
COVALIHKALL12 ,KE ,-2.013E*04,-1.013E+04)
COVAL(HK'ALL12 AEP o,-1. 013E +04, -1. 013E +04 )

PATCH(LJ4ALL12 ,LK'ALL v 1, so 9v 12, 20, 20, 1,13
COVALILKALLIZ ,.UI ,-1.013E+04, O.OOOE+00J
COVALLALL12 vl P-1.013E+04, O.OOOE.0O)
COVALILHALL12 ,KE ,-1.013E+04P-1.013E+04)
COVALLALLIZ ,EP a-1.013E.04,-1.013E+04)

PATCH(HW4ALL13 vHWALL It1 5, 1, 2, 34, 34, 1,s 1
COVALNHKALL13 ,Ul ,-1.013E.04. O.OOOE.OO J
COVALIHN4ALL13 ,Vl -1.013E+04, O.OOOE*003
COVALI KKALL13 ,KE ,-1.013E*04,-i.013E+04)
COVAL(HI4ALL13 ,EP ,-1.013E+04,-1.013E+04)

PATCHILHALL13 ,LWALL , 1; 5, 1, 2, 35, 35, 1, 1
COVAL ALL13 ,Ul ,-i.013E+04, 0.OOOE400 J
COVAL LALL13 ,Vl ,-i.013E+04, O.OOOE+0O)
COVALLALL13 ,KE 2-1.013E+04,-1.013E.041
COVAL JALL13 AEP ,-1.013E.04,-1.013E.04)

PATCt(IHALL14 HK*ALL p 1, So 3p 4, 35, 35, 1, 1
COVAL(HKALL14 ,Ul -1.013E*04, 0.OOOE+0OJ
COVAL(HHALL14 ,Vl ,-i.013E*04, 0.000E.00)
COVAL(HKALL14 AKE ,-2.013E*04,-1.013E+04)
COVAL(HNALL14 ,EP ,-1.013E+04p-1.013E+04)

PATCH(LHALL1. ,LALL , 1, 5o 3, 4, 36, 36, 1, i
COVALALL14 ,Ul -1.013E+04, O.OOOE+001
COVALLALL14 lVI s-i.013E*04, 0.OOOE.00J
COVALLALL14 ,KE ,-1.013E+04,-1.013E+04)
COVAL EALL14 ,EP P-1.013E+04,-1.013E.04)

PATCIIU*4ALLIS ,HWALL t So 5, 5 5, 36, 36, 1, 1
COVALII*EALLlS ,Ul P-1.013E+04, 0.OOOE+00)
COVAL(HKALL15 Vi ,-1.013E+04, 0.0OOE+00)
COVAL(KKALLIS ,KE ,-1.013E+04,-2.013E+04)
COVALEI*EALL15 ,EP ,-1.013E*04P-1.013E+04)
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PATCHILNALL15 PLHALL , , 5, 5P 5, 37, 37, 1# 1)

COVALILK'ALLI5 ,U3. ,-1.013E*04, O.OOOE.OO)

COVALILI4ALLIS PKE ,-1.013E+04,-i.013E*041
COVAL( LhALLXS PEP j,-2.013E#04,-l.Ol3E*04)

PATCH(HHALL16 ,HKALL P 1, 5, 6, 6v 37, 37, 1, 2)
COVALtHHALL16 ,U1 P-i.Oi3E.O'4, O.OOOE#OOJ
COVALIMM4LL16 ,VI ,-l.013E+04P, O.OOOE+OO)
COVALIH*4ALL16 ,KE ,-1.Oi3E+O4,-2.Oi3E*04J
COVALIHALL16 ,EP ,-1.013E#04,-l.0l3E+041

PATCH(L&4ALL16 PLHALL P 1t S, 6, 6, 38, 38, 1, 1)
COVALI LKrALL16 ,U1 ,-i.013E+04, O.OOOE.OO I
COVALLALLi6 ,VI s-i.013E.O'., O.OOOE+OOI
COVAL(LHALL16 ,KE ,-1.013E.04,-1.013E.04)
COVALKALL16 PEP ,-1.013E+04,-1.013E+04)

PATCH(NNALL17 MHALL , 3, 5P 7, 7, 38, 38, 1t 2)
COVAUHI*ALL17 PUi ,-i.013E+04, O.OOOE.OO)
COVALII4ALL17 Pvi ,-i.013E+04, O.OOOE+OO)
COVAL(I*(ALL17 ,KE ,-i.013E+04,-1.013E+04J
COVALIW4ALL17 ,EP ,-2.013E.04,-i.013E+04)

PATCI4(LHALL17 ,LWALL 1,I 5, 7P 7P 39P 39, 1, 1)
COVALHALL17 ,Ul ,-1.013E.O'., O.OOOE.O0i
COV/ALILHALL17 oVI .-l.013E+04., O.OOOO)
COVALKALL17 ,KE ,-i.013E+04,-1.013E.04)
COVALI LKALL17 PEP ,-i.013E*04,-1.013E.04)

PATCHIHN'ALLIS ,HHALL , 1, SP 8, 8, 39, 39, I, i)
COVALIHNALL18 ,Ul 9-1.013E.O'., O.OOOE.OO)
COVAL(HHALL18 li -i.013E.O'., O.OoaE+OOI
COVAL(IIALL18 ,KE ,-i.013E#04,-2.013E+04)
COVAL(I*ALL18 ,EP j,-1.013E*04,-i.0i3E44

PATCHILKALL18 LKMALL , I, S, 8, 8, 40, 40, 1, ii
COVALLALLIS UI ,-1.013E+04, O.OOOE+00I
COVALI L)ALLIS l ,-1.013E+'Isp 0.000E.0O)
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COVALIL(ALL18 ,KE ,-1.013E+04,-1.013E+04)
COVAL ALL18 ,EP p-1.013E+04,-1.013E+04)

PATCH(FRONT #LOW v 10,. 10, I, 12, Is 1, 1, 1
COVAL(FRONT vPl a 1.OOOE-01, 0.OOOE+OO)
COVAL(FRONT ,I , O.000E+O0, 2.962EiOS)

PATCI4IENDEND ,NIGH p 1, 10, 1, 12, 40, 40, , 1
COVAL(ENDEND ,PI , 1.OOOE-O1, 0.O0OE+00)
COVALCENOENO ,N1 , 0.0006+00P 2.962E+051

PATCHIEHALL19 ,EHALL , 9, 9p 9, 12, 1t 19, 1, 1
COVALIENALL19 ,Vl -1.013E+04v 0.OOOE+.O)
COVAL(EWALL19 PHI s-1.013E+04, 0.OOOE.0O)
COVAL(EALL19 AKE ,-1.013E+04,-1.013E04)3
COVAL(EHALL19 ,EP ,-1.01390'.4,-1.01E0.i

PATCH(NK'ALL19 ,4ALL , 10, 10, 9, 12, 1, 19, 1, )
COVAL(14'ALL19 pV1 ,-1.013E+04, 0.OOOE.003
COVALII*ALL19 NbI ,-1.013E404, O.OOOE+0CJ
COVALII'OALL19 ,KE v-1.013E*0..,-1.013E,041
COVAL(WIALL19 PEP ,-1.013E+049-1.013E#04i

PATCHIEH'ALLZO ,E3'ALL , 9, 9, 1, 8,1, 1, 1, 1
COVALEIALLZO ,V1 ,-1.013E+04, 0.OOOE+00J
COVAL(EK'ALL2O PH1 s,-1.013E.04,, 0.OOOE+001
COVAL(EI4ALL20 ,KE ,-1.013E+04,-1.013E.04)
COVAL(EWALLZO ,EP j,-1.013E+04,-l.013E0.)

PATCHEI4ALL20 ,NWALL p 10, 10, 1, 8, 1, 1,1, 1
COVALII4ALL20 vVI ,-1.013E*0., 0.OOOE.00)
COVAL(WHALLZO PHI ,-1.O13E.04p 0.OOOE+00I
COVAL(14ALL2O ,KE s-1.013E+04,-1.013E+04)
COVAL(34ALLZO PEP ,-1.013E+04,-1.013E+04)

PATCH(EKALL21 ,EKALL , 9, 9v 1t 8, 3, 3, 1It 1
COVAL(EALL21 vV1 ,-1.013E+04, 0.000E*003
COVALIENALL21 ,hl ,-1.013E+04p 0.OOOE.003
COVALI EIALL21 AKE v-1.013E+O4,-1.013E+04 I
COVAL(EKALLZ1 ,EP p-1.013E+04,-1.013E.04)
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PATCHI WHALL21 ,IHALL I 10, 10, 1t S, 3P 3, 1, 1
COVALII44ALLZ1 Pvi ,-1.013E404,. 0.OOOE+00)
COVALINNALLZ1 ,NI ,-1,013E.04, 0.0005,003
COVALU(ALL21 9KE ,-1.013E*0'.,-1.013E*041
COVALUO4ALL21 PEP ,-i.013E*04,-i.013E*04)

PATCHtEKALL2Z vEI'ALL 1 9, 9, 1, 8, 5, 8, It i
COVAL(ENALL22 PVI a-i.0i3E.04, 6.000E+00)
COVAL(ENALL2Z PHI ,-1.013E*04# 0.000E+00)
COVALfENALLZZ IKE ,-1.013E.04,-1.013E.04)
COVAL(ENALL22 ,EP ,-1.013E+04,-1.013E*04)

PATCH(I*KALLZZ HW4ALL 110, 10, 1, 8, 5, 8, 1It 1
C0VAL(SNALLZZ ,Vl -1.013E#04, 0.OOOE.00i
COVAL(NNALL22 PI ,-1.013E*04. 0.000E+00)
COVALINWALL2Z ,KE ,-1.013E+04*-i.013E*041
COVAL(104ALLZZ ,EP P-1.013E*04#-i.013E.04)

PATCH(EWALL23 ,EWALL I 9, 9, 1, 8, 0, 11, 1P 1
COVALIEKALL23 ,Vl ,-i.013E*04P 0.0OOE+00i
COVALI ENALL23 PHI ,-1.023E+D4p 0.0005.00)
COVALIENALL23 PKE P-1.013E+04Y-1.013E+04)
COVAL(EKALL23 PEP ,-1.013E.04,-2.013E.04)

PATCH(HK'ALL23 NHO'ALL 1 10, 10, 1, 8t 10, 110 1,# I
COVALI4'ALL23 l ,-1.013E.04, 0.0005.00)
COVAUNHWALL23 HN1 ,-1.013E.04, 0.0005.00)
COVALINNALL23 ,KE ,-1.013E+04p-1.013E+04)
C0VALI4 ALL23 ,EP ,-1.013E+04,-1.013E+04)

PATCI4(ENALL24 vEHALL 1 9, 9, I, Or 13P 14, 1I 1
COVALtEKALL24 lvi ,-1.013E.04P 0.OOOE+00J
COVALIEKALL24 PH1 P-1.013E+04, 0.0005.00)
COVALI ENALL24 IKE ,-1 .013E.04,-i. 013E.04)
COVALtE3LALL24 PEP ,-1.013E+04,-1.0i3E.04)

PATCHMMJ'ALL24 ,NKALL 1 10, 10, I, Or 13p 14, 1Is 1
C0VAL(KAALL24 ,V1 ,-l.0SE+04p 0.0005.00)
COVAL(iHALL24 PHI t-1.013E.04, 0.000E+00)
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COVALII44ALL24 AKE ,-2.013E+04,-1.013E*04)
COVAL(344ALLZ4 PEP ,-1.013E+04.,-1.013E*04)

PATCH(EHALLZ5 PENALL P 9v 9, 1, 6, 1a, 19, 1, 1)
COVALtENALLZ5S YI ,-1.013E+04, O.OOOE+0)
COVAL(EI4ALL25 ,HI -1.013E+04, O.OOOE+OOJ
COVALI E&ALLZS ,KE ,-1.013E+04,-1.023E+04)
COVAL( EKALLZ5 ,EP ,-1.015E+04p-1.013E+04)

PATCH(I'OALL25 WW*ALL P 10P 10, 21 at 18, 19, 1, 2)
COVALIMIALL25 V1 ,-2.013E+04. O.000E+00)
COVALIIG4ALL25 PI ,-1.013E+04, O.OOOE+OO01
COVAL(14IALL2S ,KE ,-1.023E*04p-1.013E+04)
COVAL( WoALL25 PEP ,-2.013E+04,-1.013E#04.J

PATCH(EKALLZ6 ,ENALL , 5, 5, 1V a, 18, 39, 1, 1)
COVALI EKALL26 ,1 ,-2.023E+04, O.OOOE.OO I
COVALC EIALL26 ,141 ,-1.013E+04, O.OOOE+00)
COVALE ENALL26 pKE s-1.013E+0'.,-1.013E.04 3
COVALIEKALL26 PEP ,-2.023E+04,.-2.013E+04)

PATCH(NHALLZ6 ,IB4ALLP 6, 6, 2v 8, 18, 39, Is 2)
COVAL(I*EALLZ6 VI ,-2.013E+04., O.O0OE+00)
COVAL(*4ALL26 WI ,-2.013E+04, 0.000E.00J
COVAL(WALL26 AKE ,-1.013E+04,-2.013E#04)
COVALII44ALL26 PEP ,-1.013E+04,-2.013E+04)
XCYCLE u F
KELIN a 0

GROUP 14. DOWINSTREAM1 PRESSURE FOR PARAB

GROUP 25. TERMIINATE SH'EEPS
LSWEEP a 180 )IS'C2 a 1
LITHYD x 1 iLITFLX a 1 ;LITC a 1 MIHC1 2
RESREFIP1 1.00OE-06 iRESREFEUl x 1.OOOE-06
RESREFEYl 2 .OOOE-06 MRSREFIN1 a 2 .OOOE-06
RESREFEKE 3 .OOOE-06 )RESREFEEP 2 a 1.OO0E-06
RESREF(111 J .OOOE-06

GROUP 16. TEPJIINATE ITERATIONS

80



LITER (P1 ) a 20 ;LITER (Ul1 J 2 20
LITER (Vl ) z 20 )LITER 1311 a 20
LITER IKE I a 20 )LITER (EP x 20
LITER (Hl ) a 20
ENOIT (PI ) a 1.000E-06 $ENOIT (Ul 3*1.OOOE-06
ENOIT (Vl ) a 1.000E-06 sENDIT (Hl I c 1.000E-06
ENOIT (KE J m 1.OOOE-06 ;ENDIT (EP a 1.OOOE-06
ENOIT (Hi a i.000E-06

GROUP 17. RELAXATION
RELAXIPI ,LINRLX, 3.OOOE-01)
RELAX(Ul ,FALSOT, 4.321E-031
RELAX(Vl ,FALSOT,. 4.321E-03)
RELAXIHl ,FALSDTP 4.321E-03)
RELAX(KE ,FALSOT, 4.322E-03)
RELAX(EP ,FALSDT, 4.321E-03)
RELAX(Hl ,FALSOT, 1.080E-021
RELAX(VIST,FALSDT, i.OOOE.O00
RELAX RkO1,FALSOT, l.000E+001I
RELAX(TIIPlFALSDT, 1.OOOE.001

GROUP 18. LIMITS
VARMAXIPI J3 a 3.500E+05 sVARJIN(Pl ) *-3.5OOE*05
VARIIAX(Ul ) a 1.OO0E+05 IVARJIIN(U1 ) 2-3.000E+02
YAR.9AX(Vl a 1.00OE+03 )VARJIIN(V1I ) -3.000E+02
VARZIAXIWl) I1.SOOE+03 IVARMINI14i ) 2-1.000E+02
VARJIAXfKE ) z 1.00OE+10 )VARMIN(KE ) z i.OOOE-i0
VARMAX(EP ) = .OOOE+i0 3VARJIN(EP ) c 1.0OOE-10
VARIIAXIhi )3 1.952E+06 ;VARIIIN(H1 ) x 1.OOOE+03
VARtIAX(IIPOR) z 1.0OOE+10 IVARIIIN(HPOR) c-1.OOOE+10
VARIAX(NPOR) a 1.OOOE+10 iVARIIN(NPOR) r-i.OOOE,10
VARtUXIEPOR) a .OOOE.10 IVARMXNIEPOR) 2-1.0OOE+20
VARJIAX(VPOR) a 1.OOOE+10 IVARMNH(POR) 2-1.0OOE+10
VARtIAX(VISTJ r 1.OOOE+10 3VARMIN(V1ST) a 1.OOOE-20
VARMAXRHOl) = 5.000E+00 sVARMIINRHO1I a 5.OOOE-0Z
VARiIAX(TMP11 a 1.944E*03 jVARMIN(TMPl) 2.500E+02

GROUP 19. EARTH CALLS TO GROLOID STATION
USEGRO z T ;USEGRX a T
NAMGRD =NONE
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GEI( x T

GROUP 20. PRELIMINARY PRINTOUT
ECHO * T

GROUP 21. PRINT-OUT OF VARIABLES
INIFLD z F sSUBa'GR * F
OUTPUTP1 ,YPNNYYPY
OUTPUT(Ul ,YNPNY,-YYJ
QUTPUT(Vl ,YPNNYY,Y)
OtJTPIJTCNl ,YNNYYYJ
OUTPUT(KE ,YNNYYYJ
OUTPUT(EP ,YNPNYY#Y3
OUTPUTIMI ,YNNYYY)
OUTPUTI HPORNNNpt4,N,N)
OUTPUT(NPORPNNNPNNPN 3
OUTPUT( EPORNNNN#NN)
OUTPUTI VPORPNPNDNN,N,-NJ
OUTPUTI VISTYPNNN,N,.N)
OUTPUT(RHO1,YNPNPNPNNJ
OUTPVT(ThP1,YNNNNNl

GROUP 22. MONITOR PRINT-OUT
flXlON = I )IYriON a 4 ;IZMON z 16
NPRHON a 10000 )NPRMtT a 10000 )TSTSHP =
HIGHLO x F

GROUP 23.FIELD PRINT-OUT A PLOT CONTROL
NPRINT a 10000 )NUMCLS z 10
W(PRIN = 1 sIXPRF a 1 sIXPRL x 10
NYPRIN a 1 ;iYPRF x I ;IYPRL a 12
NZPRIN s 1 iIZPRF a 1 jIZPRL x 40
XZPR a F sYZPR 2 F
IPLTF a 1 ;IPLTL z 180 )NPLT a 1
ITABI z 3 ;IPROF a 1
ABSIZ z1.000E+00 ;ORSIZ a l.OOOE+O0
NTZPRF x 1 )NCOLPF a so
ICHR m 2 ;NCOLCO a 45 ;NROHCO a 20
NO PATCHES YET USED FOR THIS GROUP
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GROUP 24. DUMPS FOR RESTARTS
SAVE 9 T )AUTOPS a F INOWIPE a F
NSAVE zDF09
LUSAVE x

** GRID-GEOMETRY INFORMATION
X-COOROINATES OF THE CELL CENTRES

1.SSOE-Oi 5.837E-01 1.131E+00 1.679E+00 2.226E*OO
3.SOOE+OO 5.SOOE+00 7.SOOE+0O 9.200E+00 1.060E+01

Y-COORD;NATES OF THE CELL CENTRES
2.810E-01 8.430E-01 l.40SEOO 1.843E#00 2.157E+0O
2.595E+00 1.157E+00 3.719E+00 4.37SE+00 S.1ZSE.OO
5.875E+00 6.625E+00

Z-COORDINATES OF THE CELL CENTRES
5.OOOE-Di 1.850f~oo 3. 700E+00 S.SSOE.OO 7.900E#00
1.090E+01 2.315E+01 1.440OE+01 2.575E+01 1.710E+01
1.810E+01 1.945E+01 2.080E+Oj. 2.180E*01 2.258E+01
2.315E+01 2.372E+01 2.417E+01 2.452,'.^ 2.620E'-01
2.920E*O1 3.220E+01 3.520E+01 3.820E+01 4.120E+01
4.420E+01 4.670E+02 4.807E#02 4.882E+01 4.957E#.O1
5.032E+01 5.099E+0i 5.i56E+0i 5.Zi14E+01 S.271Et0i
5.325E+01 5.375E+01 5.4ZSE+O1 5.47SE.Oi 5.650E+01

-- INTEGRATION OF EQUATIONS BEGINS--

TIME STEP x I SHEEP x 2
TOTAL RESIDUAL/( i.OOOE-06) FOR P1 IS 8.0O7E+OS
TOTAL RESIDUAL/( 1.OO0E-06) FOR Ul IS 9.092E+06
TOTAL RESIDUAL/( 1.OOOE-06) FOR VI IS 1.282E+07
TOTAL RESIDUAL/I 2.OOOE-06) FOR Hi IS 2.376E*07
TOTAL RESIDUAL/( 1.OOOE-06) FOR KE IS 1.2iOE+09
TOTAL RESIDUAL/( 1.00OE-06) FOR EP IS i.496E+il
TOTAL RESIDUAL/( 1.OOOE-06) FOR Hi IS 5.642E+10
TIME STEP: 1 SWEEP z 3
TOTAL RESIDUAL/I i.OOOE-06) FOR P1 IS 3.733E*05
TOTAL RESIDUAL/I l.OOOE-06) FOR Ul IS 1.05OE+07
TOTAL RESIDUAL/( i.0OOE-06) FCR Vl IS 1.474E+07
TOTAL RESIDUAL/I 1.OOOE-06) FOR Il IS 2.037E+07
TOTAL RESIDUAL/( i.O00E-06) FOR KE IS i.424E409
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TOTAL RESIDUAL/( 1.000E-06) FOR EP IS 2.341E+10
TOTAL RESIDUAL/( 1.000E-06) FOR Hi IS 2.620E+10
TIM STEPu 1 SEEP a 174
TOTAL RESIDUAL/! 1.000E-06) FOR P1 IS 3.231E+04
TOTAL RESIDUAL/I 1.O00E-06) FOR Ul IS 6.OZIE+06
TOTAL RESIDUAL/( 1.000E-06) FOR VI IS 6.189E+06
TOTAL RESIDUAL/( 1.000E-061 FOR HI IS 8.Z71E+06
TOTAL RESIDUAL/I 1.OOOE-06) FOR KE IS 2.9Z6E+08
TOTAL RESIDUAL/I 1.000E-06) FOR EP IS 2.455E#10
TOTAL RESIDUAL/( 1.000E-06) FOR HI IS 2.619E+10
TIME STEP a 1 SHEEP a 175
TOTAL RESIDUAL/( 1.000E-06) FOR P1 IS 3.208E+04
TOTAL RESIDUAL/I 1.000E-06) FOR Ul IS S.996E+06
TOTAL RESIDUAL/( 1.000E-06) FOR Vi IS 6.183E+06
TOTAL RESIDUAL/ 1.000E-06J FOR HI IS 8.329E+06
TOTAL RESIDUAL/( 1.000E-06) FOR KE IS 2.915E+08
TOTAL RESIDUAL/ 1.000E-06) FOR EP IS 2.393E+10
TOTAL RESIDUAL/I 1.000E-06) FOR Hi IS 2.628E+10
TIME STEP. 1 SEEP x 176
TOTAL RESIDUAL/ '1.000E-06I FOR Pl IS 3.193E+04
TOTAL RESIDUAL/ 1.000E-06) FOR Ul IS 6.071E+06
TOTAL RESIDUAL/( 1.000E-06) FOR Vi IS 6.125E+06
TOTAL RESIDUAL/( 1.000E-06) FOR Hi IS 8.ZS9E+06
TOTAL RESIDUAL/I 1.000E-06) FOR KE IS 2.909E08
TOTAL RESIDUAL/( 1.000E-06) FOR EP IS 2.4SSEt10
TOTAL RESIDUAL/( 1.000E-06) FOR Hi IS 2.628E+10
TIME STEP a 1 SWEEP a 177
TOTAL RESIDUAL/ 1.000E-06) FOR Pl IS 3.23E04
TOTAL RESIDUAL/( 1.000E-06) FOR Ul IS 6.038E+06
TOTAL RESIDUAL/( 1.000E-06) FOR VI IS 6.128E+06
TOTAL RESIDUAL/( 1.000E-06) FOR Hi IS 8.291E06
TOTAL RESIDUAL/I 1.000E-06) FOR KE IS 2.934E.08
TOTAL RESIDUAL/ 1.000E-06) FOR EP IS 2.466E+10
TOTAL RESIDUAL/ 1.OOOE-06) FOR Ml IS 2.6ZZE+10
TIME STEP a 1 SHEEP a 178
TOTAL RESIDUAL/I 1.000E-06) FOR P1 IS 3.272E+04
TOTAL RESIDUAL/( 1.000E-06) FOR Ul IS 6.095E+06
TOTAL RESIDUAL/( 1.000E-06) FOR Vl IS 6.115E+06
TOTAL RESIDUAL/( 1.000E-06) FOR Hi IS 8.309E+06
TOTAL RESIDUAL/I 1.000E-06) FOR KE IS 3.010E+08
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TOTAL RESIDUAL/( 1.000E-06) FOR VI IS 6.144E#06
TOTAL RESIDUAL/( 1.000E-06) FOR Hi IS S.3Z3E*06
TOTAL RESIDUAL/I 1.000E-06) FOR KE IS 2.930E.O6
TOTAL RESIDUAL/( .OOOE-O) FOR EP IS Z.430E#10
TOTAL RESIDUAL/( 1.000E-061 FOR HI IS 2.630E#iO
NHOLE-FIELD RESIDUALS BEFORE SOLUTIONS
NIHOLE-FIELD SUM OF ABSIVOL.FLOW RESIDUALS). 3.18SE*04
HHOLE-FIELD SUM OF ABSIRESIDUALS) OF Ui a 6.08$E+06
NHOLE-FIELD SUM OF ABS(RESIOUALS) OF VI a 6.14E*06
IOLE-FIELD SUM OF ASSIRESIDUALS) OF 41 a 8.3Z3E06
NINOLE-FIELD SUM1 OF ABSIRESIDUALS) OF KE a 2.930EO
NHOLE-FIELD SUM OF ABSIRESIDUALS) OF EP a 2.430E+10
N4HOLE-FIELD SUM OF ABSIRESIDUALS) OF Hi a Z.630E+1O
* SUMS HAVE BEEN DIVIDED BY RESREFINAME)

NET SOURCE OF Ul AT PATCH NAMED: N4ALL3 9-4.696E#00
NET SOURCE OF Ul AT PATCH NAMED: SNALL3 a i.72E-01
NET SOURCE OF Ul AT PATCH NAMED: NNALL4 -i.27SE-OZ
NET SOURCE OF Ui AT PATCH NAMED: SNALL4 8-3.272E-01
NET SOURCE OF Ul AT PATCH NAMED: NHALLS *-Z.179E-O2
NET SOURCE OF Ul AT PATCH NAMED: SKALLS a-i.7S7E-01
NET SOURCE OF Ul AT PATCH NAMED: M4ALL6 a-2.196E-O2
NET SOURCE OF Ul AT PATCH NAMED: SHALL6 a-2.144E-01
NET SOURCE OF Ul AT PATCH NAMED: NKALL7 2-2.10ZE-02
NET SOURCE OF Ul AT PATCH NAMED: SKALL7 *-1.960E-01
NET SOURCE OF Ul AT PATCH NAMED: tALLS 8-6.524E-03
NET SOURCE OF Ui AT PATCH NAMED: SKALLS 8-1.813E-O
NET SOURCE OF Ul AT PATCH NAMED: SHALL9 a Z.277E*O
NET SOURCE OF Ui AT PATCH NAMED: HOALL1O 2 O.O00E+O0
NET SOURCE OF Ui AT PATCH NAMED: LKALLIP a *.S69E-01
NET SOURCE OF Ul AT PATCH NAMED: HIKALL1i a 1.661E 00
NET SOURCE OF Ul AT PATCH NAMED: LALL1i *-Z.399E-OZ
NET SOURCE OF Ui AT PATCH NAMED: HNALL1Z a-9.981E-02
NET SOURCE OF Ui AT PATCH NAMED: LKALL1Z *-6.374E-O4
NET SOURCE OF Ul AT PATCH NAMED: HNALL13 a-.000E*O0
NET SOURCE OF Ul AT PATCH NAMED: LKALL13 x-i.89SE-O2
NET SOURCE OF Ul AT PATCH NAMED: D, ALL14 6-6.707E-01
NET SOURCE OF Ul AT PATCH NAIED: LHALL14 s-2.47,E-02
NET SOU.CE OF Ul AT PATCH NAMED: HWALL1S a-1.264E-01
NET SOURCE OF Ul AT PATCH NAMED: LIHALL1S a-i.ZiOE-02
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NET SOURCE OF Ul AT PATCH NAMED: M4ALL16 w-3.46SE-01
NET SOURCE OF U2 AT PATCH NAMED: LMALL16 a-I.2O9E-O2
NET SOURCE OF Ul AT PATCH NAMED: NKALLi7 a-3.4Z4E-01
NET SOURCE OF Ul AT PATCH NAMED: LKALLI? a-S.67ZE-03
NET SOURCE OF Uli AT PATCH NAMED: HUALLI& *-3.364E-01
NET SOURCE OF Ul AT PATCH NAMED: LKALL18 a 8.109E-OZ
NET SOURCE OF VI AT PATCH NAMED: HiALLIO a O.O0OE.OO
NET SCURCE OF VI AT PATCH NAMED: LKALLIO a-1.138E00
NET SOURCE OF Vi AT PATCH NAMED: H4 ALLII a Z.ZSOE.O0
NET SOURCE OF VI AT PATCH NAMED: LIALLII a 9.Z59E-O3
NET SOURCE OF Vi AT PATCH NAMED: HHALL1Z x 2.302E-01
NET SOURCE OF Vi AT PATCH NAMED: LJALLIZ a 4.Z84E-04
NET SOURCE OF VI AT PATCH NAMED: HALL13 a-9.006E-02
NET SOURCE OF Vi AT PATCH NAMED: LKALL13 a 1.062E-03
NET SOURCE OF VI AT PATCH NAMED: HMALL24 2-2.164E00
NET SOURCE OF VI AT PATCH NAMED: LMALL14 a 1.342E-04
NET SOURCE OF Vi AT PATCH NAMED: HHALLIS a-2.973E-01
NET SOURCE OF VI AT PATCH NAMED: LUALL1S *-4.722E-07
NET SOURCE OF V2 AT PATCH NAMED: HHALL16 a-6.432E-Oi
NET SOURCE OF V2 AT PATCH NAIMED: LKALL16 a-S.630E-07
NET SOURCE OF Vi AT PATCH NAMED: IKALL17 a-9.907E-Oi
NET SOURCE OF Vi AT PATCH NAIED: LKALL17 a-6.934E-07
ET SOURCE OF Vi AT PATCH NAMlED; HKALLiS 0-i.293E*O0
NET SOURCE OF VI AT PATCH NAMED: LMALL18 8-1.613E-O
NET SOURCE OF VI AT PATCH NAMED: EHALL19 a 8.668E-01
NET SOURCE OF Vi AT PATCH NAMED: HKALL19 a 3.756E-01
NET SOURCE OF Vi AT PATCH NAMED: EHALLZO a-8.752E-03
NET SOURCE OF VI AT PATCH NAMED: HKALL20 a 3.3ZIE-O2
NET SOURCE OF VI AT PATCH NAMED: EHALLZI * 2.254E-O
NET SOURCE OF VI AT PATCH NAMEO: W4ALLZI a 1.022E-01
NET SOURCE OF VI AT PATCH NAMED: EKALLZZ a 5.847E-01
NET SOURCE OF Vi AT PATCH NAMlED: H4ALLZ2 a 2.480E-01
NET SOURCE OF VI AT PATCH NAMED: EHALL23 a 1.075E-01
NET SOURCE OF VI AT PATCH NAIlED: INKALL23 a 9.808E-02
NET SOURCE OF Vi AT PATCH NAMED: EHALL24 a 1.694E-01
NET SOURCE OF Vi AT PATCH NAIIED: MNALL24 a 9.04SE-02
NET SOURCE OF VI AT- PATCH NAMlED: EHALLZS x 1.168E-01
NET SOURCE OF Vi AT PATCH NAMED: HWALLZ5 2 1.518E-0Z
NET SOURCE OF Vi AT PATCH NAMED: ENALL26 2-2.047E.01
NET SOURCE OF Vi AT PATCH NAMED: W'OALL26 u-3.995E-01
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NET SOURCE OF Hi AT PATCH NAMED: JETOUT 4 .276E04
NET SOURCE OF NI AT PATCH NAMED: NHALL3 a-i.318E+O2
NET SOURCE OF Hi AT PATCH NAlED: SHALL3 a-i.018E+O0
NET SOURCE OF Mi AT PATCH NAMED: N4ALL4 a 3.301E-03
NET SOURCE OF NI AT PATCH NAMED: SNALL4 a-i.247E-0O
NET SOURCE OF H1 AT PATCH NAMED: MALLS a 1.930E-03
NET SOURCE OF Hi AT PATCH NAMED: SHALLS m-8.121E-09
NET SOURCE OF Ni AT PATCH NAMED: NKALL6 a-3.0z7E-03
NET SOURCE OF H1 AT PATCH NAMED: SHALL6 a-i.450E-08
NET SOURCE OF Hi AT PATCH NAMED: NIALL? a-8.743E-03
NET SOURCE OF NI AT PATCH NAMED: SKALL7 a-I.SOZE-06
NET SOURCE OF Wi AT PATCH NAMED: W4ALLS a-1.951E-0Z
NET SOURCE OF hi AT PATCH NAMED: SKALLS a-i.S4OE-08
NET SOURCE OF Hi AT PATCH NAMED: SNALL9 a-8.925E01
NET SOURCE OF Hi AT PATCH NAMED: EKALL19 a-Z.OZSEtO0
NET SOURCE OF Ni AT PATCH NAMED: MNALL19 a 6.576E-O2
NET SOURCE OF Hi AT PATCH NAMED: EKALLZO a 6.667E-OZ
NET SOURCE OF Ni AT PATCH NAMED: WM'ALLZO a-i.27E-01
NET SOURCE OF Hi AT PATCH NAMED: ENALLZ1 a 2.4ZZE-01
NET SOURCE OF HI AT PATCH NAMED: WWALLZ1 a-i.Z'4E-01
NET SOURCE OF Hi AT PATCH NAMED: EkALLZZ *-Z.738E-01
NET SOURCE OF N1 AT PATCH NAMED: NHALLZZ a-3.Z60E-01
NET SOURCE OF Hi AT PATCH NAMED: ENALLZ3 a I.131E-Ot
NET SOURCE OF H1 AT PATCH NAMED: NKALL23 a-i.350E-01
NET SOURCE OF 1 AT PATCH NAMED: ENALL24 a 9.424E-OZ
NET SOURCE OF W1 AT PATCH NAMED: NKALL24 a-4.538E-O2
NET SOURCE OF Ni AT PATCH NAMED: EHALLZS a 4.88ZE-04
NET SOURCE OF Ni AT PATCH NAM.ED: NKALLZS m 1.093E-01
NET SOURCE OF Ni AT PATCH NAMED: EKALLZ6 *-Z.S26E.01
NET SOURCE OF Mi AT PATCH NAMED: NKALLZ6 *-1.14E-01
NET SOURCE OF Ri AT PATCH NAIED: JETItN a-3.849E.oi
NET SOURCE OF Ri AT PATCH NAMED: JETOUT a 3.849E+01
NET SOURCE OF RI AT PATCH NAMED: OUTSIDE a 4.153E+O2
NET SOURCE OF Ri AT PATCH NAMED: TOPOIJT *-4.OiOE.OZ
NET SOURCE OF Ri AT PATCH NAMED: TOPP a Z.728E+O1
NET SOURCE OF RI AT PATCH NAMED: FRONT a I.S9E01
NET SOURCE OF RI AT PATCH NAMED: ENDEND a-6.0ZZE+Oi
NET SOURCE OF KE AT PATCH NAMED: KESOURCE a 6.IOOE.05
NET SOURCE OF KE AT PATCH NAMED: JETOUT a S.663EOZ
NET SOURCE OF K. AT PATCH NAMlED: WIALL3 8-1.089fEio
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NET SOURCE OF KE AT PATCH NAMED: SKALL3 2-1.30&E+1O
NET SOURCE OF KE AT PATCH NAMED: NKALL4 a 3.SSOE,09
NET SOURCE OF KE AT PATCH NAMED: SiALL4 a-8.111E.10
1ET SOURCE OF KE AT PATCH NAMED: HKALLS a 4.497E.09
NET SOURCE OF KE AT PATCH NAMED: SNALLS 8-6.Z97E+1O
NET SOURCE OF KE AT PATCH NAMED: NHALL6 a 4.516E09
NET SOURCE OF KE AT PATCH NAMED: SWALL6 *-1.9,0E,11
NET SOURCE OF KE AT PATCH NAMED: NKALL7 a 1.G65E+09
NET SOURCE OF KE AT PATCH NAMED: SKALL7 a-Z.437E.11
NET SOURCE OF KE AT PATCH NAMED: WHALLS a 6.060E09
NET SOURCE OF KE AT PATCH NAMED: SKALL8 a-Z.84SE*11
NET SOURCE OF KE AT PATCH NAMED: SMALL9 a-6.3ZOE+1O
NET SOURCE OF KE AT PATCH NAMED: HKALLIO a O.OOOE.O0
NET SOURCE OF KE AT PATCH NAMED: LKALLIO a-Z.OOSE+1O
NET SOURCE OF KE AT PATCH NAMED: HKALL11 a 8.344E+10
NET SOURCE OF KE AT PATCH NAMED: LKALLI1 a-3.S67E 08
NET SOURCE OF KE AT PATCH NAMED: I*At1L.Z a 1.310E#10
NET SOURCE OF KE AT PATCH NAMED: LKALLIZ 8-1.62OE,07
NET SOURCE OF KE AT PATCH NAMED: HALL13 a 7.15SE.1O
NET SOURCE OF KE AT PATCH NAMED: LMALL13 a-8.321E*09
NET SOURCE OF KE AT PATCH NAMED: IKALL14 a 9.199E.1o
NET SOURCE OF KE AT PATCH NAMED: LALL14 8-4.843E 09
NET SOURCE OF KE AT PATCH NAMED: HKALLiS a 6.299E+1O
NET SOURCE OF KE AT PATCH NAMED: LNALLIS a-4.610E409
NET SOURCE OF KE AT PATCH NAMED: INKALL16 a 1.840E.11
NET SOURCE OF KE AT PATCH NAMED: LMALL16 =-2.695E,09
NET SOURCE OF KE AT PATCH NAMED: MHALL17 a Z.26SE.11
NET SOURCE OF KE AT PATCH NAMED: LKALL17 a-7.609E*09
NET SOURCE OF KE AT PATCH NAMED: HKALL18 x 2.606E.11
NET SOURCE OF KE AT PATCH NAMED: LJNALL18 a *.3S8E*OS
NET SOURCE OF KE AT PATCH NAMlED: EKALL19 *-4.326E.09
NET SOURCE OF KE AT PATCH NAMED: HALL19 a 3.Z94E*O5
NET SOURCE OF KE AT PATCH NAMED: EKALLZO a 6.936E+09
NET SOURCE OF KE AT PATCH NAMED: INKALL2O *-8.349E+08
NET SOURCE OF KE AT PATCH NA.ED: EHALLZI a-2.170E09
NET SOURCE OF KE AT PATCH NAMED: HKALLZi 8-3.718E 08
NET SOURCE OF KE AT PATCH NAIMED: ENALLZZ a-Z.S67E09
NET SOURCE OF KE AT PATCH NAMED: 14'ALL22 8-Z.SO1E09
NET SOURCE OF KE AT PATCH NAMED: EKALLZ3 a-4.O6E+09
NET SOURCE OF KE AT PATCH NAMED: NKALLZ3 2-9.862E+08
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NET SOURCE OF KE AT PATCH NAMED: EHALL24 a-4.045E+09
NET SOURCE OF KE AT PATCH NAMED: M4ALL24 8-Z.089E08
NET SOURCE OF KE AT PATCH NAILED: ENALLZ5 a-1.601E.10
NET SOURCE OF KE AT PATCH NAMED: &O4ALLZS 8-2.32SE.09
NET SOURCE OF KE AT PATCH NAMED: EKALL24 8 8.768E*10
NET SOURCE OF KE AT PATCH NAMED: M4ALLZ6 8-6.7Z1E+10
NET SOURCE OF EP AT PATCH NAMED: KESOURCE a 1.133E#07
NET SOURCE OF EP AT PATCH NAMED: JETOUT x 7.820E03
NET SOURCE OF EP AT PATCH NAMED: NMALL3 9-5.265E,10
NET SOURCE OF EP AT PATCH NAMED: ShALL3 2-1.701E09
NET SOURCE OF EP AT PATCH NAMED: NKALL4 z 4.308E+07
NET SOURCE OF EP AT PATCH NAMED: SKALL4 a 7.268E09
NET SOURCE OF EP AT PATCH NAMED: W4ALLS x 3.073E+09
NET SOURCE OF EP AT PATCH NAMED: SMALLS a 1.229E+11
NET SOURCE OF EP AT PATCH NAMED: NiALL6 a 3.223E+09
NET SOURCE OF EP AT PATCH NAMED: SKALL6 8-4.41SE+10
NET SOURCE OF EP AT PATCH NAMED: NMALL7 2-2.665E08
NET SOURCE OF EP AT PATCH NAMED: SbALL7 *-4.731E+10
NET SOURCE OF EP AT PATCH NAMED: NWALLS 3-3.209E08
NET SOURCE OF EP AT PATCH NAMED: SMALLS a-4.9&SE,10
NET SOURCE OF EP AT PATCH NAMED: SHALL9 *-6.699E 10
NET SOURCE OF EP AT PATCH NAMED: HNALL10 a O.OO0E00
NET SOURCE OF EP AT PATCH NAMED: LKALL10 x-3.44SE.09
NET SOURCE OF EP AT PATCH NAKED z HWALL1A a 1.313Eill
NET SOURCE OF EP AT PATCH NAMED: LNALL11 2-5.023E#07
NET SOURCE OF EP AT PATCH NAMED: HHALL1Z u 1.704E+09
NET SOURCE OF EP AT PATCH NAMED: LKALLIZ a-9.436E+O5
NET SOURCE OF EP AT PATCH NAMED: HHALL13 a-1.40E*10
NET SOURCE OF EP AT PATCH NAMED: LKALL13 a-8.44SE.07
NET SOURCE OF EP AT PATCH NAMED: HHALL14 x-Z.387E+10
NET SOURCE OF EP AT PATCH NAMED: LNALL14 a-2.964E09
NET SOURCE OF EP AT PATCH NAMED: HMALLIS *-1.179Etll
NET SOURCE OF EP AT PATCH NAMED- LKALL15 a-3.043E*09
NET SOURCE OF EP AT PATCH NAMED: HHALL16 2 4.571E+10
NET SOURCE OF EP AT PATCH NAMED: LHALL16 z Z.794E+08
NET SOURCE OF EP AT PATCH NAmED: HKALL17 a 4.939E+10
NET SOURCE OF EP AT PATCH NAMED: LNALL17 a 3.393E 08
NET SOURCE OF EP AT PATCH NAMED: HWALL18 a S.257E.10
NET SOURCE OF EP AT PATCH NAMED: LKALL18 a 1.70SE*OS
NET SOURCE OF EP AT PATCH NAMED: EHALL19 a-3.791E.09
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AIRFLOW CHARACTERIZATION SHEET

TEST PROGmAM.. Testing of Navy Aircraft in Arched Structure Hush House

LOCATION& Kly A.F.Ba

DAMT~ 9 November 1982

AIRCRAFTa F-IN

ENGINgs -. J-79!-CE-S GIIL am. ahsiass (Ia. ug.j:1 .-

RVIENTi -___________

CONDITIONUS Pore Engine -All Power. Starboard Engine - Idle Paver

AUQUZITER INLZT

0 0

* - S

oNot

.. 4 AA?%

Note at

Recordedr7f 77*:
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AIRFLOW CHARACTERIZATION SHEET

TEST PROGRAM: Thesis
LOCATION; Naval Air Station. Jackoilp nra

NGINEg J-79-GE-8 qELL 111110119116011 (is. wg.N/A

EVENT: N/A

CONDITIONS, Single Engine with A/B @ centerliig

A4611911Tall-INLIRT

0U.

36. I
.j0

S .

36. 27



EXHAUST FLOW DATA SHEET

TROT PROGRAMS Testing of Navy Aircraft In Arched Structure Bush House

LOCATIONS Kelly A. F.A. , San #.ntQzio, Taxa"

DATE; 9 November 1982

AIRCRAMT F--

EGNsJ-79-GE-8

EVENTs__________

CONDITIONS:. Part Engine - A/B. Starboard Enzine -Idle Power

AUGOMENTER TUBC

V= 209.9 v= 294.8 Va 239..9

Tsz 454 T= 454 T:: 454

Vs156.5 Vs 150.1 V 4.

Tz 454 Tz 45 =5

' T=TEMPERATURE (degrees F)

TOT~. mss Fow 067 Vavg= 227,2

AUCPMENTATION RATIO= 8.3 ag 45

128



EXHAUST FLOW DATA SHEET

TEST PROGRAM: Thesis
LOCATIONl: Naval Air Station. Jacksonville. F~nrida

SATE N/A
AIRCRAFTs N/A
EGiNiEs J-79-GE-8

EVENTs N/A
couoraOugs Single Engine with A/B @ centepriing

AUGMENTER TUBE

V= 236. V=305.9 = 3

T= 395.6 T=4 53. 2 T= 39 5. 6

v= 167. 3 V=233V=173
* 0
T= 3 9 5 . 6  T=386.6 T- 39 5 . 6

TinTEMPERATURE (degrees F)

FLOW (ibm/o.) 2 3 7 3  Vavcj= 235.5

AUGMENTATION RATIO. 10. 6 Tavg= 401.6
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APPEZDIX E
IA3TA tRANSF BY TAPE

The IBM 3033 main-frame presently does not have "PHOTON"

graphics capabilities. In order to produce various visual

plots that enhance the interpretation of tabulated data, the

"DF09" and "DF12" files must be properly formatted and then

transferred to tape (for portability) allowing use of "PHOTON"

on another computer which is "PHOTON" capable.

The computer center will provide a non-labelled tape for

data transfer. The operator, when queried by the programs

below, will mount the tape allowing the "DF09" and "DFl2"

files to be transferred to the tape.

To prepare the files for transfer to tape a copy is made

to ensure that the original data file is safe. Program "FORM09

JCL" properly formats and then writes the "DF09" file to a new

file called "DF09C". Program "FORM12 JCL" properly formats and

then writes the "DF12" file to a new file called "DF12C". The

data sets "DF09C" and "DF12C" which are produced using MVSHELP

must be at least as large as the original "DF09" and "DF12"

data sets and created before running "FORM12 JCL" or "FORM09

JCL".

With the two files now properly formatted the file "DSTP

JCL" is used to transfer the designated file to tape. In the

following example the "DF09C" file is transferred as the
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second file to the tape called "NICOLA". File "TSCAN JCL" then

scans the tape to ensure the program was actually transferred

to the tape.

Two other files, "TAP JCL" and "DUMP JCL", can dump a

file from tape to the virtual machine and return the first

block of the tape file respectively. With the files on tape

and checked the tape can be dismounted by the operator at the

computer center and transported to a "PHOTON" capable system

in the "formatted" form.

The various files referenced are now listed.

FILE: DSTP JCL Al

//DSTP JOB t1S41,9999)*'ERIC-,CLASS=E
// EXEC PGM=IEBGENER
//SYSPRINT DD SYSOUT=A
//SYSIN DO DUWIY
//SYSUTI DD DISP=SHRPDSN=MSS.SI.41.PHOENICS.DFO9C
//SYSUTZ DD UNIT=3OO-6,VOL-SER=NICOLA,DISP=(NEHMPASS),
// LABEL=(2,NL,,OUT),
// DCB=(RECFH=FBLRECL=8OBLKSIZE=8OODEN=3,OPTCD=Q)
//
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FILE: TAP JCL Al

//TAP JOB tL%1,l9999J,*TAP JCLICLASS=E
//*MAIN CARDSx(503
// EXEC PGMIEBGENER
//SYSPRINT DO SYSOVTzA
//YSIN DO OLIIY
//SYS*Jrl DD UNITs.340O-6,VoLuSERzt4COLA,DISP'I OLD ,PASS),

// LABELr(ZNLvIN~j,
/1DCz( RECFIIzFB,.LRECLUsO ,SLKSIZESOOsOPTCDCQ

//SYSUTZ 00 SYSOLYIEsOC~s8SCZEaSO

FILE: DUMP JCL Al

//DUMP JOB (l54lp9999)P DUMP ,CLASS:E
// EXEC TAPEPVOLIN=t4XCOLA
//SYSIN DD *1
OtIPRECtlO,272,l),SKPFIL(IO,.),XECUrE(999)

FILE: TSCAN JCL Al

//SCAN JOB (lS4l,9999)P NICOLA ,-CLASS=E
//EXEC TSCAI4,VOLItNt4ICOLA
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FILE: FORM09 JCL Al

//FRM09 JOB (15'.1,Y999)CHAH ,CLASS4B
//*MAIN LINESx( 20)
// EXEC FORTYCLS
//FORT.SYSIN DD
C PROGRAM FORM09
C
C Increase PARAMETER settings if more variables or a larger grid
C is required.
C

PARAMETER( NPHIP=SO)
C NB NXYMAX mist be >a HZ and ICCUNY

PARAMETERI W(YNAX=ZOOOO)
CHARACTE Re' NAME INPHIP ),MESS(I )
CHARACTER*IS FILINFILOUT
CHARACTER*2 ANS,
CHARACTER*10 ACCESS
LOGICAL LBUFI l0),STORE(NPHIP),DEBUG
DIMENSION RBUF( W(YMAX ) IBUF( 10)

C
100 FORtIAT(1X,7I10)
101 FORNAT(61 PEI3.6))
102 FORMAT( 1X,79LI)
103 FORttAT( 1X,19A4)

C
C Reset DEBUG=.TRtJE. to get error messages..

DEBUGS .TRUE.
C
C Set Logical Units...

LUINz9
LUOUT=10
LUBUG=6

C
C Set File Names...
C Name of unaformatted restart file
C WRITE6,e) ' RESTART FILENAME?'
C REAO(,E(AJI FILIN
C Name of formatted restart file
C WRITE16,*) 'FORMATTED FILENAME?'
C READIS,*IA)') FILOUT
C
C Direct access or sequential?
C HRITEI6,j.* DIRECT ACCESS (PHIDA) FILE? Y/N'
C REAOI5,'(A1)J At4S
C IF(ANS.EQ.'Y@.OR.ANS.EQ.Y) THEN
C Version 1.4 default
C ACCESS=IDIRECTI
C LEtJREC=256
C ELSE
C Version 1.3

ACCESS= 'SEQUENTIAL'I
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FILE: FORM09 JCL Al

LENRECxlOO
C ENDIF
C MRITE16,*) I DEFAULT LENREC? 1100 VI.3v 256 VI.4) -/N
C READ(S,'IA)#) ANS
C IF(ANS.NE. 'Y' .AND.ANS.NE. 'Y') THEN
C WRITES 6,t. ' LENREC? (WORDS NOT BYTES)'
C READS,I)') LENREC
C ENDIF
C NSYTES is the numb~er of bytes per single precision word.

NYTES=4
C Record length in bytes.

LRECZxSYTES*LENREC
C
C OPEN input file:

OPENS W4IT:9,FORMxU'NFORMATTED' ,STATUISX'OLD',
1 ACCESS:ACCESSIOSTATzIERR,ERRu90)

IFS IERR.NE.O) GO TO 90
IFS ACCESS.EQ. 'DIRECTI) THEN
READS LUINREC=l) IHESSSI),Ill,1O)
ELSE
READ(LUIN) (MESS(IiIz1,lOJ
END IF

IFIDEBUG) WRITE(LLSUGv*) MESS
IFS ACCESS.EQ. 'DIRECT' 3 THEN
READILUINRECmZ) ILBUFSI),IEl,4)
ELSE
READ(LUIN) (LBUFSI)PIxl,.J
ENDIF

IF(DEBUG) WRITE(LUBUG,*i (LBUF1I)*,lA)
IFS ACCESS.EQ. 'DIRECT') THEN
READ( LUIN PREC=3) NX,NYNZ,NPHI,SIBSUFSI3,I=l,6)hLENREC
ELSE
READS LUIN) tO,WYNZNPHI,(S UF(II IP6 JLENREC
ENDIF
NNSYYNXNNY

IF(NXNY.GT.NXYMAX) COTO 92
IFINPHI.GT.NPHIP) GO TO 93
IFS DEBUG) WRITES LUBUGP*) IOCNYNZ

C
C OPEN output file: FORMIATTED, SEQUENTIAL and of FIXED RECORD LENGTH.

OPENS SR.1T10,FORM: 'FORMATTED' ,STATIS: 'OLD',
1 ACCESS= 'SEQUJENTIAL' ,IOSTAT:IERRERR:91)

IFS IERR.NE.O) GO To 91
KRITE(LUOUT,103) StESSSIJ,I=lvlO)
HRITE(LUOUTslO23 SLBUFSI3,Izl,4)
NRITE(LUOUTPlOO) W,N,NZ,NPHI,SIBUFSI),IOl,6),LENREC
IFS ACCESS.EQ. 'DIRECT') THEN
READS LUIN,RECm4J RINNlER
ELSE
READS LUIN) RII#'ER
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FIL.E: FORMOO JCL Al

END! F
NRITE( LUOUT,l0l) RINNER
IF(ACCESS.EQ. 'DIRECT') THEN
READILUIN,RECUSJ (NAME(I),IRIPNPHI)
ELSE
READILUIN) 1NAMEII),Ix1,NPHz)
ENDIF

C Set C36... names for variables S1 to NPNI for version 1.4, to avoidC control characters etcl (Un less already stored)
IF(ACCESS.E.'DIRECT'.D.NN.TSO) THEN
READI LUINPRECz1O) (STOREC 1 .11,NPHI I
DO 6 I2SlNPHI

IFI.NOT.STOREMI) THEN
IF(I.LT.loo) THEN
HRITE(NA.MEMI,'I *'C. ',I2, I' )*) J
ELSE
NRITE(NAIE(I),-'1 'C' ,3)' ) J
ENDIF

ENDIF
6 CONTINUJE

END! F
NRITEILUOUT,103) tNAtIE(II,Itl,*NPHI)

IF(DEBUG) HRITEILLSUG,*) INAiIE(I),!alPHIJ
IF(ACCESS.EQ. 'DIRECT') THEN
READI LUIN,RECz6) 1RBUFI),IalPNX)
ELSE
READ(LUIN) IRSUFEIIsl.g)
ENDIF

IF(ACCESS.EQ. 'DIRECT') THEN
READ (LUIN PREC:7) 19BUFII)PI0lY)
ELSE
READ(LUIN) (RBIJFQEIIlNY)
ENDIF
WRITE (LUOUTv 101) (RBUF(I),IalNy)
IF(ACCESS.EQ. 'DIRECT') THEN
READE LUIN,RECz8) IRBUFII ),IrnlNZ)
ELSE
READ(LIJIN) 1RBUFtIJ,Iz2,NZ)
ENDIF

IF(ACCESS.EQ. 'DIRECT') THEN
READI LUINRECz9J IRBUF(ZI),18lNZ)
ELSE
READILUIN) (RBUF(X),IzlNZ)
ENDIF
WRITE(LUOVTP101) IRBUF(I)pIlNZI
IF(ACCESS.EQ.'DIRECT') 

THEN *READI LUIN,REC*1O) (STOREI )9,1zlNPHI)
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FILE: FOUI9 JCL Al

ELSE
READI LUIN) (STORE(I),IulNPNI)
ENDIF
NRITEILUOUT,l02) (STORE(I),IBl,NPHI)

IF(DEBUG) NRITE(LLS4JGPlOZJ (STORE (1) pml,NAPHI)
NVARxO
0O 5 IzlNPI
IFISTOREII)) NVA~xNVAR+1

5 CONTINUJE
IRECzlO
D0 10 Kwl,NZ
00 20 IzlNVAR
IF(ACCESS.EQ. 'DIRECT' 3 THEN
ZRECsIREC,1
NVREC--NXW/LENREC
IFl 11001 QY ,LENREC 3.NE .0) NVRECzNVREC#1
00 30 IVRECzlNVREC
JF(IVREC-)LENREC + 1
JLIVREC*LENREC
JL4IINOIJLI0Q(Y
READ) LUINRECxIREC) IRBUF J),.JzJFJL)

30 CONTINUE
ELSE
READ(LUIN) (RBUF(JiJzltvNXNY)
ENI0F
HRITEELUKoUT,01) 1RBUFIJ)sJ-TlPNXY)

20 CONTINUE
10 CONTINUE

IF(DEBOUG) WRITE(LLM4JG#1900)
1900 FORIIATIIX,' NORMIAL STOP IN PROGRAMI')

GO TO 999
C Error trapping...

90 IF(DEBUG) WRITE(LUB)JGP1901)
1901 FORiIAT(IX,' ERROR IN OPENING INPUT FILE')

So TO 999
91 IFIDEBUG) IRITE(LLRUG,19113

1911 FORMAT(lX,'ERROR IN OPENING OUTPUT FILE')
GO TO 999

92 IFII004.GT.WOYHAX) HRITE(LZIJG,1921)
IF(NZ.GT.NXYNAX) NRITEILUSUG,1923)

1921 FORMAT IX,'ISETTING OF NX*NY TOO LARGE) RESET IN FORM09 AND
1,-/PIX, 'RE-CREATE THE LOAD MODULE')

1923 FORMAT1) ISETTING OF NZ TOO LARGE) RESET IN F00909 AND
1,/,1X,'RE-CREATE THE LOAD NODULE')
6O TO 999

93 KRITE(LUSUG,193)
193 FORIIAT(IXPSETTING OF NPH! TOO LARGE; RESET IN FORM109 AND

lp/1X,'RE-CREATE THE LOAD NODULE')
999 CONTINUE

C CLOSE files ...
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FILE: FORM09 XJL Al

CLOSEC LUZNSTATUSaIKEEP')
CLOSEt LUDUT,STATUSa 'KEEP' 3
STOP
ENO

/100. FTO9FOOl 00 DSN:NSS S1541 PHOENICS .DFO9,D!SPs( OLDJ
1/GO. FTIOFOOl 00 DSNMSS .51541. PHONICS.DF09C ,DISPu( OLDJ
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FILE: FORMll2 JCL Al

//FORMl2 JOB (L%1569999),'CHA'PCLASSZB
//*HAIN LINESz(20)

// EXEC FORTVCLG
//FORT.SYSIN DD 
C File name: FORM12 last mnded 15 October 1986
C PROGRAM FORt12
C -------- Program to rewrite a DFl2 file into a formatted READCO file.
C IJPE & JFD 3
C
C Reset NXY1P if larger grid required..

PARAMETER( NXYIP=10000)
DIMENSION AREC(NXY1P)

C Reset fixed record length of OF12 file if rewired....
CHARACTER*30 FILIN ,FILOUT
LOGICAL DEBUG
INTEGER SECTOR
DATA LENREC/lO0/

C
100 FORMAT( 3TS)
101 FORMAT(5( lPE13.6))

C
C SECTOR represents the largest record length that can be OPENed.

SECTOR=65S36
C NBYTES is the number of bytes per single precision word.

NBYTES=4
LREC=MINOI NYTES*LENRECPSECTOR-NBYTES)
IBLK=LREC +NBYTES

C
C Set Logical Units...

LUIN=12
LUOUT=13
LUBLUG=6

C Reset DEBUG if error messages required..
DEBUG=. TRUE.

C Set file names
C FILIN:'DF12
C FILOUT='DF12FORM
C
C OPEN input file: DIRECT ACCESS, UNFORMATTED and of FIXED
C RECORD LENGTH.
C

OPEN(UNITl2,FOR=:LIFORMATTED ' ,STATUS= OLD',
1 ACCESS='DIRECT' ,RECL=LREC,
1 IOSTATUIERR,ERR:90)

1FIZERR.NE.O) 0O TO 90
C

READ( LUIN,REC=I) ,XPl,NYPlNZPI
NXY1=NXPIWNYP1

IF(XYW1.GT.NXYlP) GO TO 92
NREC=NXI/LENREC
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FILE: F00412 JCL Al

ISNORTwD(Yl-LENREC*NREC
171 ISNORT.GT.O) NRECNREC~i
IF(IS4ORT.EQ.O) ISHORTBLENREC
171 DEBUG) NRITE(LUG,'p) P W NPl NZP1 ,NXY1,NREC ,ISHORT

C
C OPEN output file: FORMATTED, SEQUENTIAL and of FIXED RECORD LENGTH.
C

OPENIIREITa23.FORM='FORMATTED' ,STATUS'OLD',
1 ACCESS- SEQUENTIAL' ,IOSTATnIERRERRx91

IF(IERR.NE.O) GO TO 91
NRITE( LUOUTs,100)NXPl ,NYP1 ,NZP1

DO 5 KzlNZP1
DO 6 ICR1,3

IHAX=LENREC
DO 7 JR=1,NREC

IF(JR.EQ.NREC) INAXzISORT
NR=NR.1
NRAzI JR-l )*LENREC
READI LUINPRECuNR) (AREC(NRA+I ),1INIAX)

7 COINUt&E
C Wfrite data to output file

I4RITEI LUOUTIJT,01IARECI II ),111,NXY1)
6 CONTINUE
S CON4TINUIE

IF(DEBUG) NRITE(LLMUG,1900)
1900 FORMATIIXP 'NORMAL STOP IN PROGRAM')

GO TO 999
C Error trapping...

90 IFIDEBUGI iRITE(LLUG~,19013
1901 FORMAT(IiX, #ERROR IN OPENING INPUT FILE')

G0 TO 999
91 IF(DEBUG) WRITE (LULUG 1911)

1911 FORMAT IX, 'ERROR IN OPENING OUTPUT FILE')
GO TO 999

92 IF(DEBUG) WRITE (LUBUIG P1921)

1921 FORJIATI1X,'GRID TOO LARGE; RESET NXY1P AND RE-CREATE',
1 /,1X,'LOAD MODULE')

999 CONTINUE
C CLOSE files ...

CLOSEt LUIN,STATUS='KEEP')
CLOSE(I LUOUITSTATUS= *KEEP')
STOP
END

//GO.FT12FOO1 DO DSN=MSS. S1S41. PHOENICS.DOF122,DISP% (OLD)
//GO.FT13FOO1 DO DSNQISS. S1541. PNOENICS. DF12C vDISPz OLD)
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